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LOCAL SKIN REACTR^ITY 


The results as summarized in Tables I, II, III and IV are as follows: 

As is seen from Table I (Groups 2 and 3) onl)’- 16.6 per cent of rab- 
bits passively protected by immune serum gave reactions and 90 per 
cent of non-pro tected rabbits (Group 1) showed reactions with a react- 
ing dose even smaller than the one employed in the experimental 
group (dilution 1:10 in the control group and dilution 1:8 in the 
experimental group). Thus, it becomes at once evident that it is 


TABLE I 

Passive Iviviunity io B. iyphosus Reacting Factors 



possible to elicit passive immunity to B. typhosus reacting factors of 
the phenomenon of local skin reactivity. 

Experiments on titration of protective potency of immune serum 
against B. iyphosus reacting factors are reported in Table II. In 
these experiments antityphoid horse serum was injected intravenously 
into prepared rabbits ^ hour prior to the intravenous injection of B. 
Iyphosus filtrate. Rabbits protected with various amounts of the 
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serum were tested against various numbers of toxic units. The largest 
number of to.xic imits givdng no reaction in all rabbits tested was used 
to compute the in vivo potenc}’' of a given amount of serum. Thus, if 
2 cc. of a certain serum injected intravenously, per kilo of body weight, 

TABLE n 


Passive Immunily to B. typhosus Reacting Factors 
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protected aU rabbits tested against 80 units of filtrate and only some 
rabbits against 120 mits, the protection titer of this amount of serum 
must be between these two figiues or 100. Since the in vitro neutral- 
izing titer of the sera was also determined, it was possible to derive the 
ratio between in vitro and in vivo neutralizations. The following con- 
clusions can be drawn from the e.xperiments recorded in Table H: 
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LOCAL SKIN REACTmXY 


In Group 4: 1 cc. of 1 x4 dilution capable of neutralizing in vitro 
125 reacting units failed to give neutralization of as few as 15 units in 
vivo. The lack of neutralization can be attributed to a loss of anti- 
bodies in the general circulation. It is impossible to state whether the 
loss was partial or complete since rabbits protected with this amount 
of serum were not tested with a smaller number of reacting units. As 
the amount of serum injected was increased it became possible to 
demonstrate in vivo neutralization, decidedly less, however, than 
would have been obtained in direct in vitro neutralization. Thus, 2 
cc. of serum injected per kilo neutralized 100 reacting units, that is, it 
was necessary to use ten times the number of neutralizing units as 
compared to in vitro neutralization with the same serum. 

The experiments recorded in Table II also clearly demonstrated in 
vivo neutralization of reacting factors in multiple proportions. Thus, 
250 units of serum protected against 25 reacting units; 4 x 250 serum 
units protected against 4 x 25 reacting units; 8 x 250 serum units pro- 
tected against 7.2 x 25 reacting units.* However, 12 x 250 serum 
units protected against 24 x 25 reacting units and 18 x 250 serum units 
protected against 40 x 25 reacting units. As is seen from these figures 
the protection took place in direct multiple proportions until after a 
certain increase in the amount of serum injected, when there was a 
twofold and more than twofold gain in the protective value of the 
serum injected. In the interpretation of these facts of which the 
mechanism may be quite complex, there should be borne in mind a 
possible change in the rate of retention {i.e. lower elimination) of anti- 
bodies in the general circulation following the increase in the voliune of 
serum injected. This explanation suggests itself at the present mo- 
ment as the simplest one, but it remains to be proven. 

The next point of interest was to determine the specificity of serum 
protection in vivo against B. typhosus reacting factors. In these 
experiments antimeningococcus immune horse serum of high neutral- 
izing potency for meningococcus reacting factors and a normal horse 
serum were used. In view of the fact that B. typhosus antibodies are 
encoimtered in normal and heterologous immune horse sera (2), the 

* This 13.150 of hi vivo protection in multiple proportions is similar to in vitro 
neutralizations in multiple proportions of reacting factors. This question •wiU 
receive special consideration in a separate report. 
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sera were also tested for agglutinins, predpitins and neutralizing anti- 
bodies. As is seen from the experiments recorded in Table HE, 
antimeningococcus and normal horse sera in a dose of 4 cc. per kilo of 
body weight failed to protect against 40 reacting units, while the same 
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dose of antityphoid horse serum (Table 11) completely protected 
against 180 reacting units. The normal and heterologous sera em- 
ployed contained antityphoid antibodies, the concentration of which, 
however, in 4 cc. (/.e. 320 and 240 units, respective^) was insuffident 
to neutralize in vivo 40 reacting units, since, as described above, it is 




6 


LOCAL SKIN REACTIVITY 


necessary to have for this volume of serum eleven times more anti- 
bodies for in vivo than for in vitro neutralization. In Group 22, 7 cc. of 
antimeningococcus horse serum protected against 40 B. typhosus re- 
acting units. It is clear that this protection could be easily attributed 
to the presence of antityphoid normal antibodies, since in 7 cc. there 
were present 420 neutralizing units, or more than ten times the amount 
required for m vitro neutralization. From these results it can be safely 
concluded that passive immunity to B. typhosus reacting factors is 
specific and depends on the concentration of homologous normal and 
immune antit)q)hoid neutralizing antibodies. 


TABLE IV 

Protection of Rabbits after htjcction of Reacting Factors 
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It is also noteworthy that there may be observed a “prozone” effect 
of large amounts of serum. This is illustrated by the example of 
Group 7, Table II. The “prozone” effect in in vitro neutralization 
e.xperiments was previously reported (4). 

It was also attempted to determine the duration of passive immunity 
to B. typhosus reacting factors. The experiments demonstrated that 
the immunity established itself immediately after the intravenous in- 
jection of immune serum. From some experiments it appeared that 
half an hour after the serum injection the protection was more effec- 
tive. No definite conclusions could be drawn, however, from these 
e.xperiments since the “prozone” effect of serum pointed out above 
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concentrations of wliich can be brought to high levels. Thus, in some 
horses, the serum containing normally from 10 to 20 neutralizing units 
showed from 175 to 200 units after 4 to 7 months of immunization. 
In other experiments, there was obtained by chemical means 28 to 80 
times the concentration of these antibodies per 1 mg. of nitrogen (7). 

When mixtures of filtrate and immune serum are made in vitro in 
order to carry out neutralization of reacting factors, there frequently 
forms an abundant precipitate. The precipitation may suggest that 
there is no actual neutralization of the toxic principle but a mere ab- 
sorption of this principle by the precipitate. The experiments reported 
in the present paper, namely, in vivo neutralization of reacting 
factors in mnliiple proportions b}^ means of immime serum, are con- 
sidered as further evidence of the fact that the above discussed neutral- 
izations are in the nature of toxin and antitoxin reactions. 

The data presented thus far indicate dearly that a toxic, antigenic 
and neutral izable prindple in bacterial filtrates is implicated in the 
phenomenon under discussion. The relationship of the principle to 
lethal factors present in the same filtrates remains to be determined. 
As described already, filtrates of agar culture washings prepared under 
conditions which would seem to allow of very little cell autolysis yield 
botli powerful phenomenon-producing substances as well as highly 
lethal factors, the potencies of both being parallel to each other (8). 
Although rabbits show variations in susceptibility to the lethal effect 
of these filtrates, nevertheless the work carried out thus far on a very 
large number of animals brings unquestionable evidence that the lethal 
effect can be specifically abolished by imm une serum. This observa- 
tion was reported before in connection mth in vitro neutralization 
experiments and is also definitely supported by the results recorded in 
this paper from which it is seen that the serum protection against 
mortality follows roughly the law of multiple proportions. It appears, 
therefore, suggestive that there are present in the filtrates prepared in 
the above described maimer serum neutralizable lethal factors, which 
arc associated with the phenomenon-producing factors. There is no 
experimental proof as to the identity of these factors. 

The results on the neutralizability of bacterial lethal factors here 
recorded may appear to contradict the general belief that with the 
exception of a few true toxin producers, lethal factors produced by 
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-’ TKe results also demonstrated passive serum protection against the 
lethal effect of B. typhosus “agar washings” filtrates, in a ratio which 
seemed to suggest the law of multiple proportions. 
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in view of the wide distribution of bedbugs and their plebeian catho- 
licity in the choice of a large variety of hosts. 

In the communication referred to above, Maxc}’’ cites an observation 
made by Hone in Australia in which tj^jhus fever occurred in indi- 
viduals occupied in the handling of wheat and other food stuffs. He 
mentions another report, by Wheatland, in which tj^hus seemed 
related to a migration of mice and was spoken of as “mouse fever.” 
Maxcy in his chscussion concludes that rodents — rats and mice — 
constitute the most likely animal reservuir and that, as parasitic 
intermediaries, the first supicions should fall upon “fleas, mites or, 
possibly ticks.” The recent work of Dyer (3) has confirmed at least 
one of Maxcy’s theories by the demonstration that rat fleas collected 
from rats trapped in a typhus focus contained a ^drus apparently 
identical with the “Wilmington” tj^hus strain of Maxcy. 

It has thus been shown already that typhus virus can remain alive 
in at least three common, blood-sucking insects — the louse, the flea 
and the bedbug. 

Our own success with bedbugs induced us to extend our studies to 
other insects before we knew of the work of Dyer and, for a number 
of reasons — the most potent of which was an extremely helpful letter 
from Dr. Halliday of the hlar3dand Department of Health — we chose 
ticks as our next line of attack. 

Are Dogs Susceptible io Typhus? 

Before beginning to work with the ticks themselves, we thought it 
important to determine whether or not dogs could harbor the typhus 
virus, since this might throw some light upon the type of tick vdth 
which it would be best to work. Dogs have no doubt been injected 
with typhus fever, but we could find no record of their ha^dng been 
injected with tunica rich in Rickettsiae from guinea pigs. We there- 
fore injected two half grovm mongrel puppies vdth a considerable dose 
of tunic suspension rich in Rickettsiae, a suspension which produced 
a rapid and tj^ical disease in a control guinea pig, administering the 
virus intraperitoneally in one dog and intravenously in the other. One 
of these dogs, the intraperitoneally injected one, ran a temperature 
touching 104:°-!- on the Sth, 9th and 10th days, and the dog was for 
this reason killed and brain material injected into a guinea pig. The 
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Exp.1 G-PTl Amblyomma Jan. 21, 1931 
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Chart 1. Record of guinea pig inoculated with viscera of AmUyovunay as 
described in Experiment 1, 


Tick Expcrmeut 1 (JProiocoJ) 


Guinea Pig I 


T>T)ical !Mexican typhus. Rickettsia material from tunica injected rectally 
into adult Ainhlyovnna on Jan. 12, 1931 

Jan. 21, 1931. Viscera of one surviving tick injected into Guinea Pig T 1 
(see Chart 1) . Emulsions of tunica of this guinea pig injected into 


Temperature 105.6° on 6th day. 
Rickettsiae + 


I 

Guinea Pig T 2 
Swelling, 5th day. 
Castrated, 6th day. 

Tunica 6th dav into 

I ■ 

Guinea Pig T 4 
Temperature 105° and 
swelling, 6th day. 
Rickettsiae +, Im- 
mune to European 
t>T>hus fever 


Killed and brain into 

I 

Guinea Pig T 5 
Temperature 103.8° and 
swelling, 9 th da^’’, 
Rickettsiae + 


Guinea Pig T 3 
Temperature 105° and 
swelling, 6th day. 
Rickettsiae +. Im- 
mune to European 
t}^hus fever 


Sections of brain of Guinea Pig T 2 showed no lesions, but T 3 and T 4, 
reinoculated with European typhus virus, simultaneously controlled on normal 
animals, proved to be immune. 

Experiment 2. — Dcrmaccntor andersoni adult ticks obtained through the kind- 
ness of Dr. Parker of the Hamilton, Montana, laboratory of the U. S. Public 
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Health Scmce were rectall}- injected on Feb. 26th b)' the capillarj* pipette method 
with tunica material from a Mexican t>-phus guinea pig, containing numerous 
Rickettsiae. These ticks stood the injections much better than those of the other 
species we had used, and ver>' few died. Sixteen were injected and classified into 
those in which the rectal injection had been wholly successful and those in which 
success, as observed xmder the binocular, was questionable. 


Exp. 2 Tl Pegmacentor andcDgoni Han 6,1931 


Pay of 
disease 

1 

z 

3 

4 

5 


1 

8 

9 

10 

11 

12 

— 

13 

1 

1 

1 

1 

1 

1 

1 

1 

106^ 
105* 
d 10^ 

1 

^ m' 
101* 
100’ 
93* 








■ 



■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 











■ 



■ 

■ 

■ 

m 


m 

■ 

■ 











■ 


' 

m 

c 

n 



m 












m 




■ 

■ 

■ 

■ 

■ 

■ 

■ 









85 


m 



m 

m 

m 



m 


m 









■ 


IS 



m 

n 

■ 

m 

■ 

■ 

■ 

■ 









■ 


11 



m 

1^ 

■ 

■ 

■ 

■ 

■ 

■ 









■ 


iii 



m 

m 

■ 

■ 

■ 

■ 

■ 

■ 









■ 


\m 





■ 

■ 

■ 

■ 

■ 

■ 





Chart 2. Reaction of guinea pig injected with Dermacentor andersoni viscera, 
as described in Experiment 2. 


dP Contpol 1 Permacentop aiidecsoniHult^Il^.^1931 
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CoNTROi. Chart 2. Control guinea pig injected simultaneously with Chart 2 
guinea pig with material from normal ticks of the same lot. 

On Mar. 6th, S days after the rectal injection, three of these ticks were washed 
in alcohol, eviscerated as usual and the viscera injected into guinea pig Experi- 
ment 2, T 1. 

At the same time, four ticks of the same lot, but uninfected, vrere similarly 
treated, and their viscera injected into a control guinea pig. The piirpose of this 
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was twofold: First of all, to provide the control necessai^^ to insure against error 
from unknown causes, but also to make sure that the ticks as received did not 
naturally harbor either Rocky Mountain spotted fever or tularemia. Dr, Parker 
had called our attention to these possibilities, stating that he thought them un- 
likely, but advised caution. 

The guinea pig injected with infected ticks developed a temperature of 
with scrotal swelling, on the 8th day. By the 11th day the swelling was much 
increased and the temperature had risen to 105®. At this point one testide was 
removed and plentiful and typical Rickettsiae found in the tunica. On the 13th 
day the animal was killed and Rickettsiae again found in smaller numbers. The 
brain was removed, sectioned and a few small lesions found which Dr. Wolbach was 
kind enough to examine for us and which he regarded as consistent with early typhus 
brain lesions. In view of the fact that the animal was killed earl}^ and that Mexi- 
can typhus animals do not show brain lesions with the same regularity and number 
as do those infected with European virus, these lesions, though small and few, have 
considerable importance. 

The control guinea pig injected with the \dscera of the uninfected ticks of the 
same lot remained normal. 


These results are shown in Chart 2, under the headings of Experi- 
ment 2, T 1 and Guinea Pig Control 1. The subsequent course of the 
experiment is discussed in the protocol. 


Tick Experiment 2 {Protocol) 


Feb. 26, 1931, Dcrmacenior andersoni rectally injected with Mexican 
tjT^hus virus. Mar, 6th, into 

Guvtea Fig T 1 

Temperature and swelling, Sth to 12th day. Rickettsiae +. 
Killed 13th day — brain lesions, few and small but sugges- 
tive. March 13th — tunica material of Sth day into 


Guinea Pig T Z Guinea Pig T 3 

Swelling and temperature 105® Sth day. Swelling and temperature 105.6® on 

Rickettsiae Remoculated on 13th 4th day. Castrated. Rickettsiae^. 

day and found immune Timica material into 

Guinea Fig T 4 

Typical temperature and swelling, 4th 
and Sth days 


Experiment 3 , — Two of the same ticks used in Experiment 2 and injected inter- 
rcctally on Feb. 26th were allowed to feed on a normal guinea pig from Mar. 6th 
to Mar. 9th by the method formerly used by Dr. Wolbach, namely, attaching 
them in an open piU box with a bandage to the shaved abdomen of a normal animal. 
They were found containing some blood and dug into the skin of the guinea pig 
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The temperature of this animal dropped to 102° on the 15th day, when it was 
reinoculated with Mexican typhus virus and found immime, controls of course 
being done ynth the same virus. 


The subsequent passages of this tick virus is indicated in the follow- 
ing protocol. 

Tick Experiynerii 3 (Protocol) 

Dcrmaccntor andersoni adults infected rectally with tunica material on Feb. 26th. 

2 of these ticks fed for 2| days on normal guinea pig, Mar. 6th to Mar. 9th. 

Kept at 30®C. until Mar. 12th. Viscera injected into 

Guinea Pig T 1 

(See Chart 3, Experiment 3, T 1. Temperature and swelling on 7th day. 

One testicle removed on 9 th day. RickcUsiat +• Reinoculated on 
15th day and found immune. Txmica of 9th day into 

Guinea Pig T Z 

Swelling and temperature 105° on 6th and 7th da>'s 



Chart 4. Reaction in guinea pig inoculated with \dscera of Dcrmacenior nitens 
nymphs, as described in Experiment 4, 

Experiment 4 . — We had received through the kindness of Dr. Iglesias a number 
of ticks of two varieties from the neighborhood of Vera Cruz. Some of these were 
Ambtyommaj others were munphs of DcrmaccJitor niicns. Unfortunately, many of 
these ticks were adult females which were in the process of laying eggs and died in 
the course of unsuccessful experimentation, most of them dying within a few days 
after intrarcctal injection. The only insects of this lot that were successfully 
handled were two Dcrmaccntor vitens minphs which were injected intrarec tally 
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All but one of the guinea pigs unsuccessfully inoculated in this 
manner were subsequently infected with typhus virus and reacted 
typically, thus adding further controls to show that the normal ticks 
used by us contained no virus that could either simulate typhus fever 
in the guinea pig or produce immunity. 

DISCUSSION 

Our experiments have shown that the virus of Mexican t 3 q)hus fever 
rectally injected into ticks of three varieties {Dermacentor niie7is, an 
Amblyomina- not further identified and Dennacenior midersoni) will 
remain alive and potent in these insects for as long as 14 days, the limit 
of our experiments. 

Guinea pigs injected with the viscera of such ticks develop the tem- 
peratures, scrotal swellings and tunica lesions characteristic of Mexican 
typhus infections. Typical and plentiful Rickettsiae were always 
found, brain lesions — though few and small — were seen in one of two 
animals examined, and six guinea pigs so infected were found immune 
on subsequent inoculation with the virus itself in amounts which 
caused severe and characteristic reactions in control animals. 

These experiments, added to NicoUe’s fundamental discovery 
regarding lice, Dyer’s observations on rat fleas and our own work with 
bedbugs, make a fourth group of blood-sucking insects which can 
harbor the virus of t}q)hus fever. Our work, it is true, was carried 
out by experimental injection and not by the natural methods of 
infection and transmission by feeding. It does not, therefore, justify 
the deduction that ticks can become typhus vectors in the course of 
their natural existences. The experiments, however, render this a 
distinct possibility. That the louse transmits typhus fever from man 
to man under epidemic conditions and, perhaps in most re^ons in 
endemic cases, is, of course, unquestionable in the light of the classical 
investigations of Nicolle and his collaborators (4), of Ricketts and 
Wilder (5) and innumerable subsequent students of the disease. 
That the louse is not likely to account for the sustained endemic 
prevalence of the disease in regions like the southern United States 
has been pointed out by Maxcy. 

hlaxcy’s suggestion that there is an animal reservoir has been upheld 
by the rat flea observ^ations of Dyer. The fact, however, that the 
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EFFECT OF HYPERTHYROIDISM ON I^OCARDIUM 


xmder the pericardium; the}^ were said to resemble Aschoff bodies. Four of eleven 
animals given 0.03 gm. every other day showed similar lesions. Nothing com- 
parable was found in any one of the thirty-six control animals. Hashimoto be- 
lieved that he had produced in his rats lesions similar to those described by Fahr 
(10) in hyperthyroidism in man. 

In the same year, and entirely independent!}'', Goodpasture (11) pubhshed the 
results of a similar study on rabbits. Seven animals were fed dried thyroid gland 
(1 gm. daily for IS to 26 days), and a like number were injected intravenously 
with thyroxine (1 mg. every 2nd or 3rd day for 9 to 23 days). The animals were 
killed by a blow on the head. The auricles showed no changes. Small ^‘definite 
but insignificant’’ changes were foimd in the ventricles, consisting in perivascular 
fibrosis and slight destruction of fibres about the small vessels in the wall of the 
right ventricle, with fibrosis in the wall of the left ventricle and papillary muscles. 
One animal, which died as a result of the h3^erthyroid state, showed small fresh 
necroses. Fifteen animals treated in the same manner were, in addition, subjected 
to chloroform inhalation for 1 hour and killed 24 to 72 hours later. Twelve of 
these animals showed areas of necrosis in the left ventricle, mononuclear infiltra- 
tion, and later the appearance of fibroblasts. Goodpasture concluded that large 
doses of thyroid products produced the symptoms of hyperthyroidism, but caused 
only insignificant histological changes in the heart. On the other hand, he be- 
lieved that these products rendered the myocardium more susceptible to injury, 
since chloroform inhalation, which in ten control animals had failed to produce 
any myocardial lesions, produced necroses in the h}^erthyroid animals. 

Takane (12) fed thyreiodin to rats, guinea pigs, and rabbits. He found that 
W'hen large quantities were avoided (f.e., 0.08 gm., w’hich caused too rapid death), 
an acute myocarditis was produced with changes in the muscle fibres, and a 
diffuse or localized infiltration of cells in the wall of the left ventricle. The 
changes appeared about the 7th day. Sodium and potassium iodides produced 
similar clianges. From the figures of von Furth (13) and Riesenfeld (14), Takane 
assumed that the heart contained more lactic acid than any other organ, and that 
tliis substance liberated free iodine which produced the myocarditis. This ex- 
planation is often accepted and frequently quoted, but the figures themselves are 
open to question. Von Furth’s estimations were made on tissues 48 hours post 
mortem, Riesenfcld’s following sudden death in one indmdual. Subsequent work 
on animals, with more rapid and careful technique, has shown that the lactic acid 
values of resting mammalian skeletal muscle are more than double those of the 
myocardium (15, 16). 

The lack of uniformity in the microscopical findings of induced 
h}T>erthyroidism is striking. Hence we have undertaken to determine 
wdiat these are. Cameron and Carmichael found no changes. Those 
described by Farrant and Goodpasture are insignificant, while those of 
Hashimoto and Takane are apparently well marked and extensive. 
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Hashimoto’s use of chloroform to kill twenty-eight of his thirty-eight 
rats suggests, upon first thought, that he may have accidently re- 
produced Goodpasture's experiments. Since however, considerable 
time would be required for the appearance of the small round cells, 
monocytes, and fibroblasts found in the lesions such an inference seems 
improbable. 

Material 

In the present work both rabbits and guinea pigs were used. The weight, tem- 
perature, and heart rate of each animal was recorded every other day during the 
experiment. The injections of th}Toxine were made intramuscularb’^ on alternate 
da>" 5 ; the quantities \-aried slightly. Guinea pigs received thyroxine in doses of 
0.10 to 0.17 mg. per day over 4 to 83 days. Rabbits received doses of 0.10 to 0.35 
mg. per day over 2 to 13 days, Thjaoxine (“Roche”) was used throughout. The 
degree of hyperthjToidism produced was judged by the loss of weight, the increase 
in heart and respirator}^ rate, diarrhea, apprehensiveness, and, in more extreme 
instances, b}" the great muscular weakness. It was observed that the animals 
showed great individual variation in susceptibilit}" to th>Troxine. Evidences of 
hyperthj’Todism appeared as a rule within 36 to 48 hours after the first injection, 
and progressed with succeeding doses. Of the animals which died, aU were dis- 
carded except those that were still warm when foimd. The majority of animal?; 
were killed by a sharp blow on the head. The tissues were fixed almost imme- 
diately in either Zenker-formol solution or in formalin. Sections were made from 
both auricles and ventricles and in practically ever}" instance from the lungs and 
adrenals also. 

In the case of both rabbits and guinea pigs, a series of control (normal) hearts 
were examined, in order to ascertain the variety and extent of changes present in 
normal animals. 

The Findings in Guinea Pigs 

The hearts from twenty normal guinea pigs were carefully studied. 
These animals were taken from stock, weight and temperature were 
recorded on alternate days over periods of time corresponding to the 
experiment, and if any animal showed signs of ill health it was dis- 
carded. 

In the majority of control hearts, there were vacuolated muscle 
fibres which were more plentiful beneath the epicardium and endo- 
cardium. Beneath the endocardium, especially dose to the point of 
attachment of the valve cusps, cells were abundant, either scattered 
or in small groups. These cells were for the most part monocy’tes or 
lymphocytes, but there were also occasional pseudo-eosinophil leuco- 
cytes. Less conspicuous were small groups of monoc}i:es and lym- 
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phocytes dose under the pericardium and in association with the 
smaller branches of the coronary arteries. Finally, occasional col- 
lections of similar cells were seen between the muscle fibres. The 
fibres themselves showed no changes apart from the vacuoles already 
mentioned. There was no necrosis nor any scarring. 

Complete autopsies were performed on seventeen guinea pigs, 
which had received thyroxine. Eight of these showed evidence, either 
macroscopic or microscopic or both, of spontaneous pneumonia ap- 
parently with B. hronchisepiiciis; the other nine showed no infection. 
For reasons which will shortly be obvious, these two groups will be 
discussed separately. 

In the nine uninfected animals no myocardial changes whatever 
were found save in No. 17. In one place in the wall of the left ven- 
tricle of this animal there was found a small area of dead muscle 
fibres surrounded by a large munber of lymphocytes; there was no 
other abnormality. These nine animals received injections of thyroxine 
varying from 0.07 to 0.17 mg. daily over periods up to 10| weeks, and 
in six of them very severe hyperthyroidism was produced. Singularly 
enough, the one animal to show a lesion was the one with the least 
evidence of h}^erthyroidism. It was noted in both guinea pigs and 
rabbits that the hearts of hyperthyroid animals were considerably 
larger than the normal. This appeared to be due largely to dilata- 
tion, though doubtless some hypertrophy was present also. The 
heart invariably stopped in diastole, leaving the chambers dilated 
and the auricles filled with dark blood. 

Rigor mortis of the skeletal muscles occurred much sooner after 
death in the hyperthyroid than in the normal animals, though neither 
were allowed to struggle. Hashimoto (9) noted this phenomenon in 
the cardiac muscle of his animals. 

Of the eight infected guinea pigs {hronchisepiiciis), five showed 
definite myocardial damage. The changes were variable. In places 
there were small masses of necrotic, granular, and pink staining tissue 
surrounded by monocytes and pseudo-eosinophil leucocytes (Fig. 1). 
In other places a few cells were collected around one or two dead 
and granular muscle fibres. At a later stage, there were seen occa- 
sionally areas of vacuolated and shrunken fibres with collapsed stroma, 
a few IjTnphocytes, and some fibroblasts. Another lesion was char- 
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acterized by the accumulation of large clear elongated cells, vdth clear 
nuclei, which surrounded degenerated muscle fibres, often in associa- 
tion with small vessels. On more detailed examination these cells 
showed a very close resemblance to the cells of the sarcolemma, and 
it is believed that they represented a proliferation of those cells, per- 
haps in an attempt at repair. An extreme example of such accumula- 
tion of large clear cells is seen in Fig. 2. Finally, in two cases there 
was extreme vacuolation of the muscle fibres so that they appeared to 
be “blown out” (Fig. 1). These vacuoles did not stain with fat 
stains. 

It seems certain that these lesions are not due to the hyperthyroidism 
alone, but it is conceivable that, as in Goodpasture’s chloroform experi- 
ment, the h3T3erth3Troidism may have had an adjuvant action. From 
the meagre literature on spontaneous bronchiseplictis infection it is 
difficult to ascertain what damage this disease can produce in the myo- 
cardium. The most definite statement on the subject is in the paper 
by Strada and Traina (17), describing an epidemic of pneumonia 
in guinea pigs, caused by an organism which subsequent investigators 
(18) have recognized as B. brcmchiseptiais. They say that the organ 
next most affected after the limg itself is the heart, which often shows 
well marked areas of “degeneration.”* 

The Findings in Rabbits 

Forty-three control “normal” rabbits were taken from stock and 
killed after a period of observation similar to that of the guinea pigs. 
In each case a complete autopsy was performed and the myocardium 
examined with especial care. As in the guinea pigs, the majority of 
normal hearts showed vacuolated muscle fibres. Occasionally this 
change was extensive and well marked. Groups of lymphocj’tes and 
monocytes were present dose to the small vessels and between the 
musde fibres. Most striking were the occasional areas of fibrocytes and 
lymphocytes associated with vacuolated and collapsed musde fibres 
(Fig. 3). In other cases there were less conspicuous areas in which 

* Oskar Seifried (in JaSe’s recently published Anatom}' and patholog}- of spon- 
taneous diseases of small laboratory animals, Berlin, 1931, 584) says of pleuro- 
pneumonia due to B. broijchiscpliais, “moreover degeneration of the myocardium, 
congestion, and cloudy swelling of the parench\-ma are often demonstrable.” 
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a few lymphocytes were accumulated around disintegrating fibres 
and collapsed stroma. Areas of scarring were sometimes found, most 
frequently in the base of the papillary muscles, and in one case there 
was a collection of large clear cells, resembling those of the sarcolemma, 
close to a small vessel. In aU, six out of the forty-three normal con- 
trols showed the definite abnormalities described' — ^focal destruction of 
muscle fibres and cell infiltration. 

Forty-four rabbits, which received intramuscular injections of vary- 
ing amounts of th}T:oxine every other da)’', were killed and complete 
autopsies performed. Of these forty-four rabbits, fifteen showed 
lesions in the myocardium. Some of these lesions were obviously 
fresh; small groups of necrotic and disintegrating fibres were sur- 
rounded by l)’mphocytes, monocytes, or more rarely pseudo-eosino- 
phils (Fig. 4). At a later stage there were areas from which the 
fibres had largely disappeared, the stroma had collapsed, and fibro- 
blasts were present. Finally there were distinct and dense scars. 
Apart from this t)’pe of lesion, three of the cases showed greatly vacuo- 
lated or blown out muscles fibres similar to those noted in the guinea 
pigs, and, in two cases, areas of what were apparently proliferated 
sarcolemma cells were seen. On the whole the lesions in the myocar- 
dium of these rabbits differed only in degree, and that slightly, from 
those seen in the control series. 

DISCUSSION 

In the case both of guinea pigs and rabbits the administration of 
thyroxine alone has produced, at most, only insignificant morphologi- 
cal changes in the myocardium. In the series of uninfected guinea 
pigs, only one out of nine showed a myocardial lesion, and it is possible 
that this animal, No. 17, may in reality have had an early infection 
in one lung which the single routine section failed to show. The 
relation of this single lesion to the hyperthyroidism seems improbable, 
since, as has already been pointed out, this guinea pig showed the 
least evidence of h)’perthyroidism of any animal in the series. It is 
obvious that the frequent occurrence of myocardial lesions in the ani- 
mals with pulmonar)’’ infection is of considerable importance in the 
interpretation of results. Inasmuch as previous investigators have 
not dealt, specifically, with this point, it is difficult to evaluate the 
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significance of the myocardial changes which they have described. 
In the present study, animals placed in the control group and given no 
thjnoxine were discarded if infections occurred. It is not known there- 
fore whether cardiac lesions, similar to those described above, occur 
as a result of infections in the absence of hyperthyroidism. 

The lesions produced in the rabbits were difi'erent only in degree, 
and not in qualit}', from those seen in the controls. This latter point 
is interesting, and indeed may serve as a clue towards the solution of 
the problem. As has been pointed out elsewhere (19), the lesions in 
the myocardium of human cases of hj'perthyroidism differ in degree 
only from the changes foimd in a control group of “normal”* hearts 
of the same age period. It would seem probable, on the basis of this 
evidence, together with that presented in the present paper, that the 
hyperthyroidism itself produces no specific lesion. It is conceivable 
that damage produced, on the one hand, by the wear and tear and on 
the other, by any associated infection or other disease, tends to be 
more accentuated in the individual with hyperthyroidism than in the 
normal indi\ddual. This point is however far from settled. 

It is certain that in the past too much emphasis has been laid upon 
the morphological changes in the myocardium, with a consequent 
neglect of important alterations in the metabolism and function of 
the cardiac muscle. It would seem probable that physiological 
studies may bring us to a better understanding of the cardiac abnor- 
malities in hyperthyroidism. 


smuiARY 

A study has been made of the pathological changes in the hearts 
and other tissues of animals rendered hj^perthyroid with thjToxiae. 
Forty-four rabbits and seventeen guinea pigs were given intramuscular 
injections of th 3 n'oxine every other day and sacrificed at varying inter- 
vals. Tissues from a series of normal animals (twenty guinea pigs and 
forty-three rabbits) were examined as a control. The changes in the 
heart and other tissues of hyperthyroid animals were insignificant 
and varied but little from changes seen in normal control animals. 
Of eight th 3 uotoxic guinea pigs that developed coincidental infection 

* These normal hearts were chosen from indi\’iduals who had no cardiac disease 
nor evidence of any specific or unspecific infection. 
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(bro?tchisepticus) all showed myocardial lesions. Of nine th>Totoxic 
guinea pigs, free of infection, only one gave evidence of myocardial 
change. It is pointed out that hyperthyroidism, per se, cannot be 
held responsible for these lesions, which would appear to have been 
associated with the infection. 

It was noted that rigor mortis of the skeletal muscles occurred much 
sooner in the bodies of hyperthyroid animals than in normal animals. 
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EXPLANATION OF PLATE 1 

Fig. 1. Section of myocardium from h}'perthyroid guinea pig infected by 
bronchiscplicus. Area of necrotic fibres surrounded by leucoc 3 'tes. Vacuolation 
of muscle fibres. X 94. 

Fig. 2. Section of myocardium from infected, h3T)erthyroid guinea pig. Accu- 
mulation of large clear cells and of leucocytes. X 94. 

Fig. 3. Section of m 3 ’ocardium from a normal rabbit. Muscle fibres replaced 
b 3 ' area of fibroblasts and bmiphocytes. X 112. 

Fig. 4. Section of m 3 'ocardium from an h 3 'perth 3 Toid rabbit. Area of dis- 
integration of fibres with small round cells. X 112. 
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monkeys characteristic granular conjunctivitis — a finding similar to 
that of Finnofi and Thygeson (1) with materials obtained from white 
patients in Denver. 

Methods and Materials . — There were available for study nine patients residing in 
New York City, all having advanced trachoma of from 1 to 11 years’ standing. 
With two exceptions (Cases 7 and 8), the patients exhibited scar tissue and charac- 
teristic pannus formation. The materials used consisted of the affected conjunc- 
tivae removed, for curative purposes, from the novocaine-anesthetized upper lid. 
We are greatly iudebted to Dr. Martin Cohen^ for these materials, and for other 
aid. The fresh tissue from each of eight of the cases was ground in saline solution 
and inoculated subconjunctivall}'^ into the left upper lid of two or three Macacus 
rhesus monkeys, using methods of injection already described (2, 3). In another 
series of tests, the conjimctival secretions from each of two patients were used as 
inocula. The excised conjimctiva of one of the latter patients was used for sub- 
conjunctival inoculation of monkeys, 19 days after the final collection of secretions. 
The secretions were taken on cotton swabs and, bj^ gentlj”^ rubbing the mucous 
membrane, were transferred directly to the conjunctivae of each of three monkeys. 
Nine swabbings at daily intervals were made with the secretions of the first case 
and seven with those of the second. 

Only such monke}"s as had smooth conjunctivae at the end of an isolation period 
of about 1 month w^ere employed, so as to decrease the hazard of confusion with 
spontaneous folliculosis. 

Results of Animal Inomlalion ? — The results obtained after single 
subconjunctival inoculations of monkeys with suspensions of con- 
junctival tissue obtained from man will be considered first. 

Casc l. — Male, 26 j^ears old, Russian. Has had trachoma for 10 years. Scars 
and pannus present. Suspension of conjunctival tissue inoculated into the left 
conjunctiva of each of three rhesus monkej's (A, B, and C). All these animals 
showed the characteristic granular conjunctivitis described by Noguchi (3) as fol- 
lowing inoculations of Bacterium granulosis. For example. Monkey A revealed 
follicles in the conjunctivae of both eyes on the 11th day after inoculation, and 
hlonkeys B and C reacted similarly 4 days after the injection. 

Case 2. — Female, 20 j-ears old, Italian. Has had trachoma for several years. 
Scar tissue and pannus present. Monkeys D and E injected with suspension of 
patient’s conjunctival tissue. Monkey D showed characteristic granular conjunc- 
tivitis in the left e 3 'e 33 daj’s after the injection and in both ej^es 41 days thereafter, 
hlonkey E remained unaffected. 

- We are also grateful to Drs. Arnold Knapp, Ervin Torok, and Julius Wolff, 
all of New York City, for their cooperation. 

® All operations were done under full ether anesthesia. 
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pannus present. 13 daj's after tlie seventh and last swabbing with this patient’s 
secretions, three monkeys (U, V, and W) presented t 3 T)ical granulomatous changes 
in tlieir conjunctivae. In none of the tliree animals, however, was e.xtension of the 
affection noted in the untreated conjunctiva. 

To summarize, a characteristic infection was produced in Macaciis 
rhcstis monkeys, either by means of a single subconjunctival injection of 
suspensions of conjunctival tissue from human trachoma, or by means 
of conve 5 dng the patient’s secretions with cotton swabs to the animal’s 
conjunctiva, By the former method, five out of eight patients’ tis- 


TABLE I 

Record of Trausjnission Experiments 


Case No. 

Inoculation of 

1 material* 

! 

Hecoverj^ of 

B. granulosis from 
patient 

Inoculation of 

B, granulosis into 
monkeys 
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+ 
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9 


-1-++ 

No experiment ^ 

No experiment 

— 


* Plus and minus signs in the first two columns represent for eacli sign the 
reaction of an individual animal. 


sues yielded successful transfers to monke 3 ’’s, whereas by the latter pro- 
cedure, the swabbing of two patients’ secretions induced granular con- 
junctivitis in animals. 

TJic Experimculal Disease . — The clinical appearance of the infected 
monkeys’ conjunctivae was identical with that in the experimental dis- 
ease induced by cultures of Baciermm granulosis. As described by 
Noguchi (3), tlie reaction consisted of a slowly progressing granular 
conjunctivitis, occurring first in the inoculated conjunctiva, and later 
spreading to the uninoculated membrane of both eyes. The out- 
standing features of the affection were congestion, edema, and tliicken- 
ing of the conjunctiva wliich was studded with numerous follicles, 
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Case 7. Table I summarizes the results of the transmission experi- 
ments. 

We have shoivn, therefore, that affected tissue from human tra- 
choma, as it exists in white patients in New York Cit}’-, induces in 
Macacus rhesus monkeys characteristic granular conjunctivitis. We 
have also found that Bactermm granulosis can be isolated from the 
same trachomatous tissues used for successful inoculation of monkeys 
and from animals thus infected. 

These positive results with New York cases of trachoma, when taken 
with those with white patients in Denver and Chicago, show clearly 
that Bacterium granulosis is not peculiar to the trachoma of American 
Indians in Arizona. In this connection, the isolation of the same 
organism from natives of Russia, Italy, and Tunisia should also be 
stressed (6). 

Transmission Bxperimenis loith Monkeys^ Conpinciival Tissue and with 
Cultures of Bacterium granulosis 

In planning the following experiments on transmission of the experi- 
mental granular conjunctivitis induced by inoculation either of human 
trachomatous tissues or of cultures of Bacterium granulosis, an effort 
was made to imitate the way in which the incitant of trachoma might 
be implanted on the conjunctiva of man, namely, by contact or by 
rubbing the eyelids (7). The first experiment concerned the convey- 
ance of infection by simple contact. 

Conrcya7icc of hifcclion by Contact. — The source of infection in this test consisted 
of two monkeys (A1 and Bl). hlonlcey A1 had been originall}^ inoculated subcon- 
junctivallj' with Bactcriinn granulosis (Albuquerque strain No. 1), isolated by 
Noguclii (3) in 1926, on Feb. 10, 1928. hlonkey Bl had also been inoculated with 
the same strain derived from a monkej'’ passage (192S), on May 1 7, 1929. In both 
cases characteristic progressive chronic granular conjuncti\dtis resulted and on 
Nov. 8, 1929, when the contact test was begun, the conjunctival lesions were well 
marked. Two monkeys (Cl and Dl), having smooth conjunctivae, were then 
placed in tlie same cage with Monke 3 's A1 and Bl. The}’’ were examined on Nov. 
26, 1929 (18 daj's later) and both showed definite signs of characteristic granular 
conjunctivitis in both eyes. In the case of Monkej’ Cl , the congestion, edema, and 
follicles persisted for 198 daj’s. Thereafter the conjunctiva healed. The condi- 
tion in hlonkey Dl is still present without am- sign of ameh'oration (at the time 
of writing, the disease has endured for about 15 months). On Feb. 13, 1930, 
79 days after the disease was established, a cxilture of Bacterium gratr.ilosis was 
recovered from the conjunctiva of this monkey. 
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sion of affected monkey tissues. The suspension was prepared by scraping the 
conjimctival tissue from six monkeys showing granular conjunctivitis w'hich had 
been induced by inoculation of grajinlosis cultures, and suspending the tissue 
particles, or scrapings, in sahne solution. Seven daily instillations were given; and 
24 days later, both am'mals revealed definite, progressive, granular conjunctivitis 
which, at the present time, 8 months after inoculation, still persists. 

The repeated simple instillation of cultures of Bacterium granulosis 
into the conjunctival sac of normal monkeys did not appear to infect 
the animals. On the other hand, the daily instillation of cultures fol- 
lowed by gentle rubbing of the eyelids after each instillation induced 
characteristic granular conjunctivitis. In addition, suspensions of 
conjunctival tissue freshly removed from monkeys having granulosis 
conjunctivitis, instilled repeatedly into the conjxmctival sac of normal 
animals, gave rise to the characteristic experimental disease. The 
findings made it seem likely that some injur}’', even so slight a one as 
that produced by rubbing the eyelids, is a requirement for infection by 
the microorganism. 

Conveyance of Inf ectionby Swabbing Mo7tkey Secretions and Cultures . — 
The transfer of the experimental disease of monkeys to normal a nim als 
was now attempted by swabbing secretions on the conjunctivae, thus 
imitating the mode of conveyance of infection from man to monkey, 
already described. And folio-wing this, another test was made to 
determine if swabbing with cultures of Bacterium granulosis would in- 
duce the infection. 

Test wilh Sccrclions. — The source of the secretions was a Macacus rhesus mon- 
key inoculated subconjunctivallj’ in Feb., 1928, with tissue from another monkey 
infected with Albuquerque No. 1 strain of Baclcrhnn gramdosis. The conjunctival 
lesions were advanced and had endured for 22 months when the secretions were 
taken for the test. The material was collected on cotton swabs and transferred 
directly, by rubbing, to the smooth upper and lower conjunctivae of both eyes of 
two rhesus monkeys (A2 and B2). After six such swabbings, over a period of 8 
days, the animals had developed characteristic granular conjunctivitis in both eyes. 
In klonkey A2 the lesions were progressive and endured for 2^ months, after 
which the animal died from tuberculosis. In jMonkej’’ B2 the condition still per- 
sists, after 1 year. A culture of Bacterium granulosis was recovered from the 
animal 10 J months after the disease first appeared. 

Test with Cultures. — The cultures emplo3'ed were the three Arizona strains (2) 
prewously used in the instillation e-x-periment described above. Saline suspensions 
of pooled growths were swabbed in the manner already described, on the clear 
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man to man. Yet another manner of producing the experimental 
condition is by repeated swabbing with cultures of Bacteriinn granulo- 
sis. Noguchi has already reported the successful outcome of the sub- 
conjunctival inoculation of cultures and the spread of the disease from 
an infected conjunctiva to the other eye of the same animal. 

6. Tissues derived from cases of human trachoma or from monkeys 
having the experimental disease induce, on conjunctival inoculation of 
Macacns rhesus monkeys, the same clinical and pathological effects as 
do cultures of Bacterium granulosis. The conjunctival lesions closely 
resemble, in clinical appearance and in microscopic changes, those of 
the follicular stages of trachoma in man. 
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THE PATHOLOGY OF EXPERIMENTAL DERIMAL 
PNEUMOCOCCUS INFECTION IN THE RABBIT 


By C. P. RHOADS, M.D., akd KENNETH GOODNER, Pfl.D. 

(From the Hospital of The Rockefeller Institute for Medical Research) 

Plates 2 akd 3 

(Received for publication, ^larch 31, 1931) 

The development and progression of the morphological changes in 
the human pneumonic lung are still incompletely xmderstood, a fact 
partly explainable by the circumstance that pneumonic lesions, lobar 
in distribution, can be produced in animals only vrith difficulty. In 
previous papers (1, 2) one of us has described an experimental disease 
brought about by infecting rabbits intradermaUy with pneumococci 
(Type I) . Although in this infection the focus is in the skin, there exist 
certain clinical and immunological similarities with lobar pneumonia 
in man; moreover, the visible location of the principal lesion is a defi- 
nite aid to experimental studies. Observations made in the course of 
other experiments of this nature suggested that a study of the morpho- 
logical alterations, both gross and microscopical, might lead to a better 
imderstanding of the fundamental phenomena of pneumococcic in- 
fection irrespective of the site of the lesion. 

It may be recalled from an earlier report (1) that if a normal rabbit 
is given an intradeimal inoculation of virulent pneumococci on the 
flank a local infection develops in the course of several hours. The 
lesion soon begins to spread ventrally and within 24 hours occupies a 
large area extending from the site of inoculation across the ventral 
midline. The infection is characterized particularly by the produc- 
tion of massive edema. 

The course of the development of the lesion, as previously reported 
(1), may be summarized as follows: 

After the intradennal injection of 0.2 cc. of an 18 hour blood broth culture there 
is at first a latent period of some 2 hours. Near the site of inoculation there then 
appear signs of earb’ infla mm ation; these are characterized at first by conges- 
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tion of vessels and capillaries; the sharp vascular outlines are then lost and an 
area 1 to 2 cm. in diameter becomes slightly edematous and shows a trace of 
orange-red color. As more edema develops the accumulation of fluid is most 
pronounced at the ventral border. The lesion spreads ventrall}’’ at a rate of 2 to 
3 cm. an hour, the heightened color being apparently preceded by the movement of 
fluid. At 10 to 12 hours the edematous band has usuall}^ extended to the ventral 
midline. More and more serous material accmnulates in this region until the 
entire area is tense and swollen. Within 18 to 24 hours a certain degree of indura- 
tion is present and this increases gradually until at 48 hours the involved tissue is 
firm and relativel}’' non-elastic. 

At 24 hours the lesion usually occupies a strip 2 to 3 cm. wide on the flank in- 
creasing to a width of 4 to 6 cm. at the ventral midline. Beginning at 24 to 30 
hours there is a marked contraction of the involved tissue, and large irregular 
folds develop over the more ventral section. The color of the lesion varies from a 
pale to a moderately bright orange-red. In the infections which appear to be the 
more severe and fatal the involved skin often takes on a hemorrhagic character 
frequently evidenced by scattered ecch3TOoses or b)'' widespread hemorrhage. 
Some frank necrosis with secondary infection ma}’' take place, the incidence 
var^dng with the amount of trauma to which the tissue has been subjected. 

Methods 

In order to study the histological development of this dermal lesion, a series 
of normal animals were injected intradermally with 0.2 cc. of an 18 hour blood 
broth culture of Pneumococcus Type I. The site of injection in each instance was 
at a point on the animal’s flank approximate!}^ 8 cm. dorsal to the ventral midline. 
The development of the lesions and the concomitant temperature reactions were 
then carefully followed. 

Except in one instance the animals were killed at various intervab after infec- 
tion by inducing air embolism. The entire skin lesion, including the underhung 
muscle and peritoneum, was removed, lashed to cardboard to prevent distortion 
and by a longitudinal indsion divided into two equal pieces. One was fixed in 
Zenker-formol and the other in Zenker’s fluid to which 5 per cent of glacial acetic 
add had been added, hlultiple blocks, suitable for study of the entire extent of 
the lesion were embedded in paraffin, sectioned, and stained with hematox}din- 
eosin, eosin-methylene blue, and jSIallor}"’s phosphotungstic add hematox}din. 
Stains for bacteria were made according to the method of Brorni (3). 

HISTOLOGICAL OBSERVATIONS 

The earliest lesion to be examined was removed 2 hours after in- 
fective inoculation and before any elevation of the animal’s tempera- 
ture had taken place. 

The only external eddence of disease was a soft, pale area of very shght swelling 
about the point of inoculation. Histological examination shows a marked accumu- 
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lation of edema fluid in tlie corium and in the loose adipose and connective tissue 
between corium and muscle. A moderate number of polymorphonuclear leuko- 
C}*tes are present although fibrin is not seen nor are en"throc>*tes in evidence in 
any considerable number. The muscle la\"er and corium show scattered infiltra- 
tion with leukoc>’tes. Blood vessels, particularly the smaller ones, are congested, 
dilated, and appear more numerous than in the normal skin. The l>Tnphatics 
also appear larger and more numerous but contain few leukoc^’tes and no fibrin. 
Study of the borders of the lesion indicates clearly that extension of the edema 
fluid takes place in advance of infiltration with inflammator>" cells. No evidence 
of tissue necrosis can be made out. Nearer the center of the lesion, presumably 
in relation to the site of inoculation, a marked accumulation of mononuclear 
wandering cells has taken place in and aroimd the adventitia of the blood vessels. 
A photograph of the lesion at this stage is reproduced in Fig. 1. This shows the 
earfy histological development with edema distending the corium and sub co rial 
space. Fig. 2 shows the uninvolved tissue just peripheral to the lesion. 

The progression of the histological alterations was next studied in 
a lesion taken at 5 hours. 

This animaPs temperature had risen to l(Wc°F., an elevation of a little over a 
degree from the normal. The involvement at thi.g; time measured 2.5 by 3.5 
cm. the latter being the dorsoventrad dimension. This area was definitely edema- 
tous, a feature most prominent at the ventral border. The color except for the 
most ventral portion was a faint orange-red and the consistenc>’ very soft. 

At this time the histological picture generally parallels that described at 2 
hours, but aU features are more marked. The loose connective tissue fibers of the 
corium and panniculus adiposus have been widely separated from each other 
by the edema fluid, and this has resiilted in a structure which, on superficial 
examination, appears not unlike the areolar structure of pulmonary- parench 3 *ma. 
The relatively thin tissue layer has thus been converted into the outstanding an- 
atomical structure. The cellular infiltration has extended into the deeper la\"ers 
of the corium but as yet is not a marked feature. The dilatation of the l>Tnphatics 
and the increase in size and number of functioning vessels present a picture similar 
to that seen in the earlier specimens. Despite the size and rapid progression of 
the lesion, the response in the form of cellular exudate is onl^' moderate in degree. 
Necrosis of tissue cannot be detected, nor can anj^ deposition of fibrin be observed. 
Although dilated lymphatics and engorged blood vessels form a prominent feature 
at this stage, even more so than in the earlier lesion, no eWdence of thrombosis 
can be found. 

The next tissue studied was removed from an animal 8 hours after 
infective inoculation. 
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The rabbit’s temperature had risen to lOS^F. The lesion occupied an area 2.5 
by 8.5 cm. extending to and just beyond the ventral midhne. The entire zone 
was soft and edematous, a change most pronounced at the more ventral projection. 
Near the point of original inoculation the color was a ver^^ bright orange-red but 
this shaded ofE gradually until the ventral third of the area was of the same color 
as the surroxmding tissue. At this time sections show that there had been a 
distinct shift in the predominant cell type, of the inflammatory^ reaction. The 
perivascular grouping of mononuclear phagocytic cells is a striking feature, many 
cells of this ty^^e having also taken part in the general cellular response. Edema 
is still the main feature of the lesion and has completely separated corium from 
muscle. Infiltration, both of polymorphonuclear and mononuclear cells, is stead- 
ily increasing in degree and extends, at this time, well into both corium and muscle 
lay^ers. Still no hemorrhage or necrosis is present. The degree of lymphatic 
dilatation does not appear to be altered but more small blood vessels, greatly 
engorged, are appearing in the corium. 

The further progress of the pathological processes was studied in 
a lesion removed at 28 hours. 

The animars temperature had been over 104:°F. for approximately’’ 20 hours, 
with a maximum high level of 105.5°F. The lesion at this time occupied a strip 
3 cm. wide extending downward from the point of inoculation to the ventral mid- 
line where the involvement measured 8 cm. in diameter. The entire area was 
greatly swollen, an alteration accentuated by the formation of huge folds caused 
by’’ the contraction of the skin. The lesion was rather firm, especially’’ in the area 
near the site of inoculation. The color varied from a pale to a bright orange-red. 
No macroscopic necrosis or hemorrhage was apparent. Microscopically’’, the sec- 
tions show at the site of maximum involvement, near the juncture of upper and 
middle third of the lesion, the earliest evidence of death of the cells forming the 
exudate. Here groups of acidophilic mononuclear and poI}’morphonucIear leuko- 
cy'tes are seen. Peripheral to this reaction, the picture previously^ described of 
corial and subcorial edema associated with mild inflammatoiy^ infiltration is en- 
countered. Perivascular cell infiltration is still marked and the large number of 
newly formed or newly functioning capillaries is most strildng. The lower edge 
of the lesion, on the other hand, as the most recently involved, presents changes 
not unlike those seen in the preparations previously described. Here, the edema, 
both in tlie subcorial space and in the inferior layers of the corium, is by^ far the 
most prominent change. Inflammatory exudate is sparse and diffuse. 

As an example of the fully developed lesion, tissue was studied 2| 
days after infection. 

This animal died under observation after a tj-pical course of the disease asso- 
ciated witlr high temperature. The tissue was e-tcised and fixed immediately 



C. P. RHOADS AND KENNETH GOODNER 


45 


after death. The lesion occupied an area of much the same size as that last de- 
scribed. The edema was massive, firm, and circumscribed. A bright orange-red 
color, most pronounced in the early phases, was succeeded at 45 hours by ecchy- 
moses which rapidly progressed to hemorrhagic necrosis. At this time a radical 
alteration appears in the histological picture at the oldest part of the lesion, situ- 
ated w’eU toward the dorsal end. Here, in addition to the edema previously de- 
scribed, fairly dense infiltration composed of mononuclear and pobmiorphonu- 
clear leukoc>*tes is found in the lower layers of corium and the strata of the upper 
muscle layers. Groups of necrotic inflamm atory” cells are occasionally encountered 
although necrosis of parenchyma is not apparent. Diffuse hemorrhagic infiltra- 
tion is striking in certain areas. Peripheral to this well established lesion, there 
are regions presenting rather less activity*, where the edema is most prominent and 
the cellular infiltration not marked. A large number of new or newly* functioning 
capillaries and even larger vessels have appeared, many^ siirrounded by* a collar of 
mononuclear cells. Some proliferation of fibroblasts has taken place in the lower 
corium. The epithelial surface presents a number of small areas where the cells 
have imdergone a degenerative change overlymg a base of coagulated exudate con- 
taining roughly* parallel rows of polymorphonuclear and mononuclear leukocy’tes. 
SubepitheUal lymphatics are greatly distended. Inflammatory* infiltration ex- 
tends well up to the epithelium and down to the second lay'er of muscle. A certain 
number of muscle fibers appear necrotic. Thrombosis of both large and small 
veins is well marked in this preparation, a condition presumably* accountable for 
the marked hemorrhage present. 

The last example studied was that of an advanced lesion, removed at 
99 hours after infection. 

This presented essentially the same gross pathological picture as that just de- 
scribed, except that the hemorrhagic condition was never so prominent. !Micro- 
scopically*, this lesion shows a picture unlike that seen at any other period studied. 
The process is one of repair and of reaction to foreign material represented by* 
groups of cellular debris. Much edema is still present and there is a massive infil- 
tration with leiikocy*tes, predominantly mononuclear in type. ^lany* new vessels 
and young active fibroblasts are seen, a change particularly* marked around the 
pockets of necrotic material. Thrombosis is a marked feature. The extensive 
edema and scattered cellular infiltration, so marked in the earlier slides, is not 
apparent in this later preparation. Figs. 3 and 4 show low and high magnifica- 
tions of a section of a mature lesion. 

These examples show the course of development and maturation of 
the lesion. Studies on the histological changes occurring during reso- 
lution are now in progress and will be presented in connection with 
certain data bearing on the recovery* process. 
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DISCUSSION 

In order to relate these observations to the problem of the early- 
morphological alterations in lobar pneumonia, it is first necessary to 
consider in some detail the changes -which take place in the human 
lung. Briefly, these changes have been described as engorgement, 
red hepatization, gray hepatization, and resolution. 

The first stage, that of engorgement, is not commonl}'- seen at autopsj’- and the 
descriptions for the most part have been derived from study of tissue contiguous to 
a pneumonic process in the direction in which the pneumonic process is presumed 
to be spreading. Here engorged vessels may often be found, hlore commonly, 
however, the only e-vddence of progression is the accumulation, in the alveoli, of 
edema fluid containing a few pobmoiphonuclear leukoc 3 des. Blake and Cecil 
(4), as well as Winternitz and his co workers (5) have called attention to the 
dilated Ijnnphatics in experimental pneumococcus pneumonias in animals. Per- 
mar (6), on the other hand, studied the lesion of experimental pneumonias sooner 
after infection than was done b}'^ the workers just mentioned and pointed out that 
the most striking change was the presence of intraalveolar fluid in the absence of 
bonphatic involvement. Loeschcke (7), in a detailed study of the histological 
alterations in the human pneumonic lung, has called attention to the prominence 
of edema formation in the early and advancing lesions. 

Comparing these changes, considered to be the earliest manifest 
in the pneumonic lung, -with the alterations observed in the infected 
skin of the rabbit a remarkable similarity is immediately evident. 
The accumulation of a relatively cell-free exudate and the presence of 
dilated Ijunphatics, dilated and engorged capillaries, and an intact 
supporting structure are aU found in the dermal infection. The 
progression of the infection by the production of edema fluid, presum- 
ably containing the infecting bacteria, would suggest strongly that a 
similar mechanism may obtain in the pneumonic lung. 

The stage of red hepatization is onlj' rarel}' encountered in lobar pneumonia. 
It is usuall}'- described, however, as being characterized by a deep red color, pre- 
sumably due to dilated and engorged capillaries of the alveolar wall. The e.xu- 
date stains well and contains a considerable number of pobunorphonuclear leuko- 
cytes and a certain amount of fibrin, although the latter is a variable factor. The 
interstitial tissue is still intact and the h-mphatics are dilated, containing a certain 
number of inflammatorj’ cells. 

Turning to the lesion observed in the rabbit skin, the same general 
pathological alterations are found. Vascular congestion is a marked 
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much more dense in both of the lesions at this stage. One feature 
deserves especial attention and that is the occurrence of hemorrhage. 
In the dermal lesion this is fairly striking in certain of the more ad- 
vanced stages but it has not been commonlj’' described in discussion 
of the pathology of lobar pneumonia. Loeschcke (7) has recently 
called attention to the occurrence of intraalveolar hemorrhage in the 
later stages of lobar pnemnonia. This author explains his finding 
by the shrinkage of the fibrin plugs away from the alveolar walls, 
allovdng a decrease of pressure on the alveolar side of the membrane 
and consequent rupture of the weakened vascular wall vdth resultant 
outpouring of red blood cells into the alveoli. It is undoubtedly true 
that hemorrhagic areas are frequently obser^'^ed in the pneumonic 
lung at autops}'' and a detailed microscopic study of a limited amount 
of material available to us has revealed a surprising amount of intra- 
alveolar hemorrhage in areas of the lung known from clinical data 
to represent the older pathological processes. In such preparations 
thrombosis of the finer vessels appears to give rise to this phenomenon 
and here again the same condition is found in the skin lesion. 

In recapitulation, it maj'^ be said that the predominant change in 
the rabbit skin, infected Avith pneiunococci, appears to be the produc- 
tion of an extraordinary volume of edema fluid. This fluid, carrjung 
pneumococci, seems to spread rapidly, filling the interstices of the 
connective tissue framework. The direction which the fluid takes is 
influenced principally by gravity. FolloA\ing the production of fluid 
there appears a cellular exudate, predominantly polymorphonuclear 
but in the later stages containing also many mononuclear cells. As 
the age of the lesion increases more fibrin is seen and eventually the 
oldest exudate becomes necrotic, although at the border the relatively 
pure edematous lesion is still present. Hemorrhage may be a late 
manifestation. Since changes of the same general nature may be 
observed in the pneumonic lung, it is of some interest to consider the 
likelihood that the pulmonar}'^ disease may extend by a similar mech- 
anism, that is to say, by the production of an infectious edema fluid 
near the hilus Avith secondar}’^ spread of this fluid by force of gravity 
and by the churning action of the moAu'ng ah’^eolar walls. 

The chief immediate significance of tliese findings is that they estab- 
lish the fundamental similarity of the pathological processes of the 
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rabbit dermal disease and those of human lobar pneumonia. This 
similarity has importance for work to be reported later on factors 
which affect the development, progression, and localization of the 
rabbit lesion, as wxU as in relation to the method that has been sug- 
gested for the comparison of the curative properties of antipneumo- 
coccic sera by use of this experimental infection (8). 

SUiDlARY 

1. The pathology of the experimental dermal pneumococdc infec- 
tion in the rabbit is described in detail and the findings are compared 
with the histological alterations seen in the human pneumonic lung. 
There would appear to be a basic similarity of the lesions in both 
tissues. 

2. A copious production of edema fluid is the outstanding character- 
istic of the early lesion. It occurs prior to any significant cellular 
change. In the spreading lesion an infiltration of the tissues with 
fluid precedes any other sign of reaction between tissue and micro- 
organism. It seems likely that the advancing fluid carries with it the 
infecting organisms and inoculates aU tissues which it reaches. The 
resulting infection seems not to take place by an active invasion of 
microorganisms but by a progressive inoculation from an infected fluid. 
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EXPLANATION OF PLATES 
Plate 2 

Fig. 1. Photomicrograph of a section of a lesion from the skin of a rabbit 
2 hours after infccdon with Pneumococcus, showing marked edema of corium and 
subcorial space associated with slight cellular infiltration. X 65. Phospho- 
tungstic add hematox>"lin. 
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Fig. 2. Same section, show'ing relative!}^ unaffected tissue beyond the periphei^^ 
of the lesion depicted in Fig. 1. X 65. Phospho tungstic acid hematoxylin. 

Plate 3 

Fig. 3. Low power photomicrograph of corium showing the intense inflamma- 
toxy infiltration in the mature lesion. X 65. Eosin-methylene blue. 

Fig. 4. Same section, with higher magnification, indicating the marked edema, 
the character of the cellular infiltration, and the separation of connective tissue 
fibrils. X 550. Eosin-methylene blue. 




































DECOMPOSITION OF THE CAPSULAR POLYSACCHARIDE 
OF PNEUMOCOCCUS TYPE HI BY A 
BACTERIAL ENZYME 

By REN£ DUBOS, Ph.D., aot OSWALD T. ATCRY, IM.D. 

{Vrom the Hospital of The Rockefeller histifutc for Medical Research:) 

(Received for publication, March 26, 1931) 

It is now generally recognized that one of the important differences 
between the two variants of Pneumococcus, the so called R and S 
forms, is the presence arotmd the latter of a capsule which has been 
shown to contain a complex polysaccharide; the type specificity of 
Pneumococcus and the virulence of the S cells are associated with the 
presence of this capsular polysaccharide which is referred to as the 
soluble specific substance; the chemical structure of the capsidar poly- 
saccharides has been shown to vary from one tjpe of Pneumococcus 
to another (1); in fact, they are as chemically distinct one from the 
other as they are serologically specific. 

The fact that the capsular polysaccharides of Pneumococcus — and 
not some impurities carried along wdth them — are themselves the 
substances responsible for type specificity, has been shown by the 
disappearance of their reactivity in the specific antisera after they 
had been subjected to acid hydrolysis. However, this treatment is a 
fairly drastic one and may have affected at the same time the hypo- 
thetical impurities. It was thought that such an objection woiild be 
removed if the polysaccharide could be split by the milder action of an 
enzyme. 

It was interesting also to determine whether the addition of such an 
enzyme to a medium seeded with the encapsulated pneumococci would 
effect a dissolution of the capsule. From this point of view the ob- 
servations of Toenniessen (2) are of special interest. He found that 
when Bacillus vulgains was seeded together with encapsulated Fried- 
lander bacilli, the latter organisms grew deprived of their capsule. 
Finally, we had in Anew experiments to determine whether the injectioix^ 
into the animal body of an enayme capable of decomposing the caj§^ 
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sular polysaccharide would in any way alter the course Of experimental 
infection induced by Pneumococcus of the same type as that from 
which the specific substance had been derived. 

A systematic search for specific enzymes of this order has been 
carried on in this laboratory for several years. A number of en- 
zymes from animal and plant sources, known to be active in the hydrol- 
ysis of simpler carbohydrates, were tested, but none of them were 
found capable of attacking the polysaccharides of pneumococcus 
origin. In addition, cultures of various molds, yeasts, soil actinomy- 
cetes, and bacteria, many of which were kno'^\m to decompose cellulose 
and other complex carbohydrates, were tested without success. 

Recently, however, a microorganism has been isolated, and an en- 
zyme extracted from it, both of which are capable of decomposing the 
capsular polysaccharide of T}y)e III Pneiunococcus (3). The object 
of this first paper is to describe the technique of isolation, the morpho- 
logical, cultural, and biological characteristics of the organism; and to 
define the nature and mode of action of the enzyme derived from the 
bacterial cells. 


EXPERIMENTAL 

1. Inoculation Material . — ^As mentioned previously, many organ- 
isms known to decompose actively various polysaccharides were tried 
and were found unable to decompose the capsular polysaccharides of 
Pneumococcus. Since these specific substances have many of the 
properties of hemicelluloses, an attempt was made to search in a nat- 
ural environment for organisms possessing the capacity to split 
complex substances of this nature. It was thought that those loca- 
tions where large amounts of organic materials, — especially belong- 
ing to the group of “hemicelluloses,” — accumulate and undergo de- 
composition, were the most likely to harbor the desired organisms. 
Among the materials tried were leaf mold, composts (of corn cob, rye 
straw, sphagnum, oak leaves, etc.), farm manure, soils rich in organic 
matter (different peat soils and soils heavily manured).^ From a 

* jMany of these materials and especially the peat samples from the cranberry 
bogs of New Jersey were supplied by Dr. S. A. Waksman and Dr. R. L. Starkey of 
the Department of Microbiologj- of the New Jersey Experiment Station to whom 
we e.xtend our heartiest thanks for their courtesy and cooperation. 



EEN"! DtTBOS AJTD OSWAXD T. AVERY 


53 


sample of soil from the cranberry bogs of New Jersey a microorganism 
has been isolated which is capable of decomposing the capsular poly- 
saccharide of Pneumococcus Type HE. 

2. Medum . — ^The mineral medium used was based on one previously 
described for the isolation of cellulose-decomposmg bacteria (4). 

Ammonium sulfate (1 gm. per liter) vras used as a source of nitrogen, dibasic 
potassium phosphate (2 gm. per liter) as buffering agent and source of phosphate, 
tap water supplied traces of the other mineral elements. The reaction of the 
medium was adjusted to the proper pH with HCl and NaOH. To this mineral 
solution, the capsular polysaccharide of Type HI Pneumococcus was added in 
final concentrations var>’ing from 0.001 to 0.2 per cent. This substance was the 
only source of organic carbon in the medium. 

The soluble specific substance used in these experiments was pre- 
pared from a strain of Type HI Pneumococcus by the method pre- 
viously described (1, 5). This nitrogen-free preparation yields on 
hydrolysis a mixture of aldobionic acid and glucose. However, the 
molecule seems to be built up exclusively of aldobionic acid groups, 
the glucose appearing only as a secondary product of hydrolysis (6). 

The use of this simple and specific medium was dictated by the 
following considerations. 

(a) It was possible that the materials used for inoculation contained 
organisms potentially capable of decomposing the specific substance 
but for which other nutrients would act as more readily available 
sources of energy. Such organisms would attack the specific sub- 
stance when deprived of any other food but leave it untouched in a 
complex medium. In fact, the production of an enzyme is often the 
result of what has been termed a “starvation” phenomenon. For 
example. Brown and Morris (7) fotmd that the secretion of diastase by 
germinating barley seeds is inhibited by the presence in the medium 
of sugars which can be utilized directly by the growing plantlet. In 
a review on bacterial enzymes, Waksman has cited many similar ex- 
amples which occur in the microbial world (8). Wortman (9) for 
instance, found that a certain bacterium had the power of excreting 
a starch-dissolving enzyme when starch was the only' available food, 
but that no secretion of enzyme occurred if sugar or tartaric acid was 
offered to the organism along with the starch. 

(6) The material used for inoculation was of course a mixture of a 



54 


POLYSACCHARIDE OF P>JEUaiOCOCCUS TYPE m 


great variety of microbial species. A medium containing the specific 
substance as sole source of carbon rendered conditions favorable only 
for these organisms capable of utilizing the specific substance itself 
or the products of its decomposition. This procedure afforded a 
means of rapidly eliminating a large number of irrelevant species. 

(c) The ultimate object of the work was the preparation of an 
enzyme specifically directed against the capsular polysaccharide. 
For study of the action of the enzyme on the growth of Pneumococcus, 
and on the course of pnemnococcus infection in experimental animals, 
it was especially desirable to have a preparation as poor as possible 
in proteolytic activity. From this point of view, it was expedient to 
use a mineral source of nitrogen instead of peptone or protein. 

J. Technique of Isolation. — In order to eliminate as many as possible 
of the organisms which although unable to attack the specific sub- 
stance may grow on the products of its decomposition or on the bac- 
terial bodies, transfers were made as soon as growth could be detected 
in the cultures, in the hope that the first organisms to develop would 
be the ones attacking the specific substance and that in young cultures 
they would outmunber the others which could then be eliminated by 
diluting the inoculum. 

4. Serological Method for Folloiaing the Disappearance of the Specific 
Substance. — The presence or absence of the specific substance in a 
culture was tested by the precipitin reaction: 

0. 5 cc. of fluid to be tested was added to 0.2 cc. of Tj’pe III antiserum" and the 
mixture brought to a volume of 1 cc. by the addition of salt solution. Since the 
precipitation test gives a positive result with a concentration of specific substance 
as low as 1 ;5, 000, 000, the absence of a positive precipitin reaction was interpreted 
as evidence of complete decomposition of the specific substance. 

The Organism 

1. Isolation. — The presence in a sample of soil from the cranberr}'’ 
bogs of New Jersey, of an agent capable of decomposing the Type III 
specific substance, is demonstrated in the foIlowTng experiment. 

* The Tjpe III antipneumococcus serum used in these experiments was furnished 
through the courtesy of Dr. A. B. Wadsworth, Director of the Di\Tsion of Labora- 
tories of New York State Department of Health. 
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Expcrimcfil 1. The Effect of En^sironmmtal Conditions {pE, Temperature, 
Aeration) on the Dccom position of the Capsular Polysaccharide by an Agent Present in 
Peat Soil. — Different lots of basic mineral medium containing 0.002 per cent of 
T>T>e in specific substance were adjusted to pH 4.5, 5.0, 5.5, 6.2, 6.6, 7.0, 7.8, 
and 8.5 Each one of these media was divided into three small Erlenmeyer flasks 
(25 cc. per flask) and into three Noguchi tubes (10 cc. per tube). Each of the 
tubes and flasks was inoculated with about 0 .5 gm. of peat soil (from the cranberry' 
bogs of New Jersey). The Noguchi tubes were incubated imder anaerobic con- 
ditions (Bronm jar) and the Erlenmeyer flasks under aerobic conditions. In each 
instance one set was kept at room temperature (about 22°C.), a second set at 
37.5°C., and a third set at 54°C. 

The cultvires, in mineral media at different hydrogen ion concentra- 
tions and incubated at different temperatures xmder aerobic and 
anaerobic conditions, were tested from time to time for the presence of 
the specific substance. The specific precipitin reaction became nega- 
tive first in the aerobic flask at pH 7.8, after 24 days incubation at 
37.5°C. Within the following 10 days, the test became negative also in 
all the aerobic cultures at pH 6.2, 6.6, 7.0, and 7,8 at room tempera- 
ture and 37.5°C. The specific substance did not disappear in the other 
flasks nor in the anaerobic tubes, even after 2 months incubation. 

These results pointed to the existence of an agent capable of decom- 
posing or removing from solution the spedfic substance between pH 
6.2 and 7.8, at room temperature and 37.5°C., imder aerobic conditions. 
That it was a Uving agent was shown by the fact that it could be trans- 
ferred in series. 

Since we had in view the use of this agent in the animal body, it was 
advisable to incubate the cultures at 37.5°C. in a medium of approxi- 
mately neutral reaction; these conditions approach those present in the 
animal body and had been found in Experiment 1 to be dose to the 
. optimum for the activity of the microorganism. 

Experiment 2. Attempts to Increase the Activity of the Culture by Repeated 
Transfers in Specific Medium. — Test tubes containing 10 cc. of the sj'nthetic 
medixun adjusted to pH 7.5 were inoculated with material from the aerobic flask 
in which the spedfic substance had first disappeared in Experiment 1. The 
incubation was carried on at 37.5®C., aerobically. 

In this first transfer, the spedfic substance disappeared in 10 day^s. 
The culture was carried in the same medium for several months, trans- 
fers being made as soon as the spedfic substance had been decomposed, 
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in the hope of increasing the activity of the culture. In fact, after 
repeated transfers for 6 months, decomposition of 0.002 per cent of 
specific substance could be obtaiued regularly in 24 hours provided a 
young culture was used. 

Experiment 3. Attempts to Purify the Mixed Culture by the Dilution Method . — 
A tube of sjmthetic medium was inoculated with a loopful of an active culture. 
8 hours later stained films showed a fairl}' abundant growth of many different 
kinds of bacteria. At this time transfers were made into a series of tubes contain- 
ing fresh mineral medium, using the following inocula: 0.1, 0.01, 0.001, 0.0001, 
0.00001, and 0.000001 cc. 

After IShours incubationat37.5'’C. stained preparationsof these culturesshowed 
that growth had taken place in the first four tubes of the series. Serial transfers 
were immediately made from the fourth tube (0.0001 cc. inoculum) into fresh 
medium, using seedings var%dng from 0.1 to 0.00001 cc. of culture. 11 hours later 
growth was recognized (b}" microscopic examination) in the tube which received 
0.001 cc. inoculum and from this culture serial transfers were again made. 

The technique of purification by the dilution method was continued 
for 10 daji'S. Each transfer was kept long enough to make sure that 
the active culture was carried along, as demonstrated by decomposi- 
tion of the specific substance m 1 to 5 days, the time depending upon 
the size of the inoculum. Microscopic examination of a young culture 
of the last of the serial transfers, revealed the presence of only three 
morphological types of bacilli, a very small Gram-negative rod, a 
short plump Gram-negative rod, and a large Gram-positive rod. 
The impure culture thus obtained was plated in the hope of separating 
these three organisms, but unfortunately one of them was a spreader 
which overgrew the two other species. 

Experiment 4. The Use of Gentian Violet in the Isolation of the Specific Organism 
from Mixed Cultures. — ^An active culture was seeded into mineral medium to which 
had been added 0.001 per cent of gentian wolet in the hope that the bacteriostatic 
action of the dye would inhibit the development of the Gram-positive organism 
(10). 4 days later, the specific substance could no longer be detected in the culture 
containing gentian \iolet and microscopic e.xamination showed the presence of 
only the two Gram-negative organisms, and a few large spores, apparently belong- 
ing to the smaller bacillus. 

In the hope that the spore-bearing bacillus was the active form in 
the mixture, the following experiment was carried out. 
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Experiment 5. Isolation in Pure Culture of the Specifically Active Spore-Forming 
Bacillus by Heating the Inoculum at 70’C.— 0.2 cc. of the culture just described 
■ 5 vas inoculated into tsvo tubes of mineral medium containing 0.002 per cent of 
specific substance; one tube was then heated at 70'’C. and the other at boiling 
temperature for 15 minutes. 

After 7 days incubation at 37.5°C. the specific substance had been decomposed in 
the tube heated at 70®C, but it remained unaffected in the tube vrhich had been 
boiled. Transfers made from the cultme heated at 7(fC, grew and decomposed 
0,002 per cent of specific substance in 2 days; stained films of this culture showed 
what appeared to be a pure culture of a small. Gram-negative, spore-bearing rod, 
exhibiting metachromatic granules. 

Young cultures of this organism plated on nutrient agar gave a pure growth of 
colonies which will be described later, whereas older cultures in the spore stage 
(5 to 6 days old) failed to grow on agar. Transfers were made from one of these 
colonies, and the Gram-negative bacillus in pure culture was carried for fifteen 
generations on blood agar from colony to colony. A colony from the fifteenth 
transfer was then inoculated into the mineral medium containing 0.002 per cent 
of Type rn capsular polysaccharide. The latter was decomposed in 3 da 3 's, 
the culture showing again a pure growth of Gram-negative rods. 

These experiments established the fact that the spore-bearing 
Gram-negative rod, and not some other agent carried along with it, is 
responsible for the decomposition of the specific polysaccharide of 
Type m Pneumococcus, For the sake of simplification, this culture 
will be referred to as the “S IH bacillus.” 

2. Description of the Ctdiiire, — A morphological description of the 
organism is rendered diflficult by its pleomorphism. In the mineral 
medium containing small amounts of specific substance (0.002 per 
cent), the organism appears as a minute Gram-negative bacillus, at 
times smaller than the Pfeiffer bacillus. In this medium also, spore 
formation takes place within the first 24 hours, and the cells are com- 
pletely autolyzed by the 3rd day. 

The cultural characters of the bacillus are much the same when 
grown in mineral medium containing larger amoimts of specific sub- 
stance (0.2 per cent); under these conditions the cells, however, are 
much larger and appear more resistant to autolysis. 

The organism is Gram-negative in the mineral medium but harder to 
decolorize when grown in plain broth or on agar. At all stages, the etd- 
tures exhibit metachromatic granules, and in older cultures these gran- 
ules appear as chains of minute coccus forms within the empty cell 
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membrane. The organism grows diffusely in peptone solution. In this 
medium sedimentation of the growth occurs after several days. On 
plain nutrient agar, free of dextrose, growth occurs in the form of small 
whitish colonies, 2 mm. in diameter, circular, slightly raised, umbili- 
cated, with entire edge and fairly smooth surface. When grown in 
plain broth or in peptone solution, the organism appears as a fairly 
large bacillus, actively motile by means of peritrichous flageUae, the 
young cells measuring 2 to 3ju by 0.5 jx. Short chains and especially 
diplo-forms are often observed. Organisms growing in this medium 
do not autolyze readily; in fact it is difficult to cause disintegration of 
the cells even by repeated freezing and thawing. Older cultures show 
the presence of elongated, thread-like involution forms and spores 
appear in 4 to 5 days. They are polar, oval, and ver}’’ much larger 
than the rods. The heat resistance of the spores was measured in 
the following experiment. 

Experiment 6. Heal Resistance of Spores of the S III Bacillus . — Tubes contain- 
ing 5 cc. of casein peptone broth were inoculated with 0.2 cc. of a 5 day old 
culture of the bacillus. The inoculated tubes were heated at different tempera- 
tures for different lengths of time as indicated in Table 1; the presence or absence 
of growth after 10 da 3 ^s incubation at 37.5°C. is indicated in the same table. 

The results of Experiment 6 indicate that the spores of the organism 
resist heating for 30 minutes at 75°C., but are killed by boiling for 5 
minutes. 

The fermentative ability of the specific organism was determined by 
growth in the basic mineral media to which various sugars, glucosides, 
and alcohols were added in concentration of 1 per cent. No gas was 
formed in any of these media and slight production of acid was ob- 
ser\’’ed only in the presence of dextrin, galactose, lactose, maltose, 
salicin, and trehalose. 

Of particular interest is the action of glucose on the growth of this 
organism. It has been found that the addition of this sugar, to an 
otherwise favorable medium, exerts a decidedly inhibiting action on 
the development of grovrth. 

In all media thus far tested, the organism is strictly aerobic, no 
growth occurring under anaerobic conditions. 

In media containing, in addition to the capsular polysaccharide, 
other nutrients such as peptone, the decomposition of the specific 
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substance is much delayed. The delayed decomposition under these 
conditions is probably attributable to the so called sparing action of 
the peptone, which serves as a more readily available source of energjL 
As an illustration of this fact, it may be mentioned that, in peptone 
broth and in mineral medium containing a concentration of capsular 
polysaccharide equivalent to that naturally present in an autolysate 
of a bouiUon culture of T 5 q)e HI Pneumococcus, the rate of decompo- 
sition of the specific substance is much slower in both the peptone 
broth and the autolysate than it is in the mineral solution, although 
growth develops more abundantly in the peptone-containing media. 


T.-iBLE I 

Resistance of the Spores of the S III Bacillus 


Time of 


Gro-frth in ca^eiii peptone broth after heating inoculum as indicated 


exposure 

70*C. 

■EH 

£0“C. 

85°C, 

1 90"C, 

93®C. 

100®C. 

rr.in. 

5 


-f 

+ 

4 - 

4 - 

-b 


10 

+ 

+ ' 

4 - 

— 


— 

— 

15 


“h 

— 

— 

— 


— 

20 

+ 

4 - 

— 

— 

— 

— 

— 

30 

4 - 

4 - 

— 

— 

— 


— 


-f Refers to presence of growtli after 10 days incubation. 
— Refers to absence of growth after 10 days incubation. 


It vras of special interest to test the action of the organism on the 
specific polysaccharides of other types of Pneumococcus and on other 
polysaccharides of bacterial and plant origin. 

Experiment 7. Specificity of the Action of the S III Bacillus, — The specific 
pol 3 ’saccharides of Pneumococcus T^pes I, 11, and m, Friedl^der bacilli, 
Tj’pes A, B, and C (11), and Hemophihis influenzae T 3 *pe a (12), and gum arabic 
were added to the basic mineral medium at pH 7.5, inoculated with 0.1 cc. of a 
young culture and incubated aerobically at Decomposition of the difier- 

ent poh^accharides was tested by the serological method, using in each instance 
the specific antiserum, except in the case of gum arabic which was tested against 
Pneumococcus Tjpe HE antiserum (13) (see Table H). 

The results of Experiment 7 emphasize the extraordinary” specificity 
of the action of the organism on the specific polysaccharide of Type HI 
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Pneumococcus. It is worth noting in particular that the organism 
does not decompose gum arabic even though this substance reacts in 
Type III antiserum. 

The saprophytic nature of the S III bacillus is shown by the fact 
that 1 cc. of a young active culture may be injected intraperitoneally 
into a mouse without affecting the animal . 

The Enzyme 

The preceding experiments have established the existence of a 
microorganism which during growth in a synthetic medium breaks 


TABLE n 

SpccificUy of the Action of the S III Bacillus 


Origin of the polysaccharide 


Pneumococcus Type I 

Pneumococcus Type II 

Pneumococcus TVpe HI 

Fricdlander^s bacillus Type A . 
Friedlander^s bacillus Type B . 
Friedliinder's bacillus Type C 
Hemophilus iujlucnzac Type a. . 
Gum arable 


Concentration 

of 

pob'saccharide 

Specific precipitin reaction of 
cultures after 
incubation at 37®C. for 

1 day 

30 days 

per cent 

0.002 

+++ 

+++ 

0.002 

+++ 

+++ 


— 

— 


+++ 

+++ 


+++ 

+++ 


+++ 

+++ 

0.02 

+++ 

+++ 

0.01 

+++ 

+++ 


^ -j. =: marked precipitate formed in the corresponding specific antiserum. 
— = negative precipitin reaction, indicating complete decomposition of the 
polysaccharide. 


down the capsular polysaccharide of Type III Pneumococcus. It 
seemed possible that from cultures of this bacillus a soluble enzyme 
might be extracted which would decompose the specific substance in 
the absence of the bacterial cells. 

Experiment <?. The Extraction of a Soluble Enzyjnc Capable of Decomposing the 
Specific Polysaccharide of Pneumococcus Type III. — The mineral medium (pH 7.5) 
containing 0.01 per cent of Pneumococcus Type HI specific poh^saccharide was 
seeded with a hea\y inoculum of the S III bacillus and incubated at 37.5°C. 

The specific substance was completely decomposed after 24 hours incubation; 
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at this time, when microscopic examination showed large numbers of well formed 
cells with only a few spores, 10 cc. of the culture wxre removed and passed through 
an N Berkefeld filter. The filtrate was designated Preparation 3-a. After 5 
days further incubation, microscopic examination of the original culture showed 
that all the cells were lyzed; the autolyzed culture was then passed through an N 
Berkefeld filter and the filtrate designated Preparation 3-6. Test tubes containing 
1 cc. of a 0.001 per cent solution of specific substance (pH 7.5) received varying 
amounts of Preparations 3-a and 3-6; the mixtures were made up to a volume of 
1,5 cc, and incubated at 37.5°C. for 18 hours in the presence of toluene to prevent 
any bacterial action. The precipitin test for the presence of specific substance 
was made after 18 hours incubation. The results of these tests are recorded in 
Tablelll. 


TABLE in 

The Decomposition of Type III Capsular Polysaccltaride by Sterile Culture Filtrates 
of the S III Bacillus before and after Autolysis 


Am<nmt oE filtrate 


cc, 

0.5 

0.1 

0 (control) 


Specific precipitin reaction of miitnres of snbtratc and cnltnre filtrate 

Before autolysis 3-c 

After autolysis 3-6 

+++ 


d — !-+ 


+++ 

+++ 


Plus signs indicate amount of precipitate formed in Type m antiserum. 

Mhins sign indicates no precipitation in Type JH antiserum, showing complete 
decomposition of the specific polysaccharide. 


The results of Experiment 8 show that 1 cc. of a 0.001 per cent so- 
lution of specific polysaccharide was completely decomposed by 0.5 cc. 
of the filtrate of an autolyzed culture (Preparation 3-b). On the 
contrary, 0.5 cc. of the filtrate of a young culture (Preparation 3-a) 
did not affect the specific substance. It is apparent, therefore, that 
the soluble principle responsible for the decomposition of the specific 
substance is released only after lysis of the cells. This experi- 
ment also seems to justify the assumption that the S III bacillus, when 
grown on a synthetic medium containing the specific j>olysaccharide, 
gives rise to a soluble endocellular enzyme capable of decomposing 
this substance. 

Several enzjunes are known to be extremely heat-resistant, most of 
them, however, are thermolabile and it was interesting to determine 
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the heat resistance of the active principle responsible for the decom- 
position of the specific substance in autolytic extracts of the S III 
bacillus. 

Expcrment 9. Inactimtion of the Specific Enzyme by Beat. — Different lots of 
Preparation 3-6 were heated at 50°, 55°, 60°, 65°, 70°, and 75°C. for 10 minutes 
ind added in amounts of 0.1 cc. and 0.5 cc. to 1 cc. of 0.001 per cent solutions of 
3SS in. The mixtures were incubated for 18 hours at 37.5°C. in the presence of 
toluene and tested at that time for the presence of the specific polysaccharide by 
the precipitin reaction wdth TjTie III serum (see Table IV). 

TABLE TV 


Heat Bmclivation of the Specific Enzyme 


EnzjTne heated 10 min. at 

Specific precipitin reaction of mbcture of enzyme 
and substrate 

“C. 


50 

— 

55 

— 

60 

+ 

65 

+++ 

70 

+++ 

75 

+++ 


Plus signs indicate amount of precipitate formed in Tj^pe III antiserum. 

Minus signs indicate no precipitation in Type III antiserum, showing complete 
decomposition of the specific polysaccharide. 


These results indicate that the soluble principle responsible for the 
decomposition of tlie capsular polysaccharide is inactivated after ex- 
posure for 10 minutes at 60-^5^C. 

Experiment 10. Activity of the Enzyme wider Aerobic and Anaerobic Conditions. 
— ^Two tubes containing 2 cc. of a 0.02 per cent solution of SSS III received 2 cc. 
if active enzj-me Preparation 3-6. One of the tubes was incubated at 37.5°C. 
under aerobic conditions, and the other under anaerobic conditions (Brown jar). 
After 24 hours incubation, the mixtures containing active enz}Tne and polysac- 
charide were tested for the presence of specific substance and it was found that the 
test had become negative in both tubes. 

It has been shown previously that the organism is strictly aerobic 
and does not decompose the specific polysaccharide under anaerobic 
conditions. This experiment shows, however, that the soluble prin- 
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ciple, when extracted from the cells, decomposes the specific substance 
equally well under both aerobic and anaerobic conditions. 

These results also indicate that the soluble principle is not of the 
nature of an oxidative enzyme, since there was no hydrogen acceptor 
in the mixture incubated imder anaerobic conditions. Prehminaiy 
results, which indicate the presence of reducing sugars following the 
decomposition of the specific substance by the soluble principle, sug- 
gest that the action is one of hydrolysis. 

It has been shown previously (Experiment 7) that of the polysaccha- 
rides thus far tested the specific substance of Type III Pneumococcus 


TABLE V 

Specificity of iJie Action of the Enzyme Derived from the S III Bacillus 


Origin the polysaccharide 

Concentration 
of the 

polysaccharide 

Specif c precip 
cn^Tnc ! 
niitnrc incut 

Aerobically 

itin reaction of 
Tibstrate 
ated at 37" C- 

Anaerobically 


percent 



Pneumococcus Type I 

0.002 

+-h+ 


Pneumococcus Type II 

0.002 

-t-++ 

-b-b-F 

Pneumococcus Type IH 

0.002 

— 

— 

Friedlanderis bacillus Type A 

0.002 

+-i-+ 

-r-b-b 

Fiiedlanderis bacillus Type B 

0.002 

++-f- 

•b-b-b 

Friedlander’s bacillus Type C 

0.002 

j — ; 1. 

1 ^ I 

Hemophilus influenzae Type a 

0,02 

1 1 r 

+++ 

1 It 

Gmn arabic 

0.01 

+++ 

-b-b*b 


Plus signs indicate amount of precipitate formed in Type in antiserum. 
Minus signs indicate no precipitation in T\’pe IH antiserum, showing complete 
decomposition of the specific polysaccharide. 


is the only one to be decomposed by the S m bacillus. The following 
experiment demonstrates that the same extraordinary specificity 
applies to the activity of the enzyme in cell-free filtrates of autolyzed 
cultures. 

Experiment H Specificity of the Action of Enzyme Extracted from the S III 
Bacillus. — To different portions of enzyme Preparation 3-6 were added the specific 
poU'saccharides of Pneumococcus Types I, II, and IH, Friedlander bacilli T>pes 
A, B, and C (11), BemophUus influenzae Type a (12), and also gum arabic (13), 
The mixtures were incubated aerobically and anaerobically and tested for the 
presence of the poU-saccharide after 1 month incubation at37.5”C. (see Table I*). 
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The results of Experiment 11 indicate that the soluble principle 
extracted from the bacterial cells is as specific in its action as is the 
living organism itself, decomposing only the capsular polysaccharide 
of Type III Pneumococcus. 

Since it was proposed to test the effect of this specific enzyme on the 
course of pneumococcus infection in experimental animals, it was of 
interest to establish the influence of normal serum on the rate of 
decomposition of the capsular polysaccharide by the soluble principle. 

Experiment 12. The Injlucnce of Normal Serum on (he Rate of Deeomposiiion 
of the Capsular Polysaccharide by the Specific Enzyme . — To each of three tubes 


TABLE VI 

Influence of Normal Serum on (he Rate of Decomposition of the Capsular Polysac- 
charide by the Bacterial Enzyme 


Incubation period 

j Bacterial extract -f specific substance + 

Salt solution 

Rabbit serum ' 

Beef serum 

hrs. 


1 

1 


0 

++++ 

H — 1 — 1 — 1" 

++++ 

1 

H — [■+ 

+++ 

H — 1 — h 

2 

+ 

-1-+ 

+ 

3 1 


+ 


4 

— 

± 

— 

5 

— 

— 

— 


Plus signs indicate amount of precipitate formed in Type III antiserum. 

Minus signs indicate no precipitation in T>'pe III antiserum, showing complete 
decomposition of tlie specific polysaccharide. 


containing 3 cc. of cnzjmie Preparation 3-b and 3 cc. of 0.002 per cent solution of 
SSS III, were added respectiveb" 2 cc. of normal rabbit serum, 2 cc. of normal 
beef serum, and 2 cc. of pln'siological salt solution, the last ser\'ing as control. 
The tubes were incubated at 37.5°C. and samples of the matures were removed 
from time to time to follow the progress of the |decomposition of SSS III, as 
measured by the specific precipitin reaction (see Table VI). 

The results of this experiment indicate that the rate of decomposi- 
tion of the Type III polysaccharide by the specific enzyme is not 
afltected by the presence of normal beef or rabbit serum in the mixture. 

It was of interest to de\nse a method for measuring the concentra- 
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Table VII shows that when the time required for the decomposition 
of 1 cc. of a 0.002 per cent solution of specific polysaccharide by 1 cc. 


TABLE vm 


Quantitative Relationship between Total Amount of Specific Polysaccharide Decom- 
posed and Amount of Enzyme Used 


Enzyme preparation 

Specific precipitin reaction of enzyme-substrate mixture incubated for 

No. 

Amount 

1 hr. 

6 hrs. 

12 hrs. 

24 hrs. 

1 

cc, 

2.0 

+++ 

d- 




1.0 

+++ 

d-d- 

— 

— 


0.5 

+++ + 

d-d-d-d- 

+ + 

d-d- 


0.2 

++++ 

d-d-d-d- 

d-d-d- 

d-d-d- 


0.1 

•\ — ! — i — H 

d-d-d-d- 

+H — 

+ +++ 


0.05 

++++ 

d-d-d-d- 

++++ 

++++ 


0.02 

H — [*++ 

d-d- d-d- 

H — (“++ 

++++ 


0.01 

++++ 

d-d-d-d- 

++++ 

d-d-d-d- 

3-b 

2.0 

++ 







1.0 

+++ 

d- 

— 



0.5 

++++ 

d-d- 

— 

— 


0.2 

d — 1 — 1 — h 

d-d- 

+ 

d- 


0.1 

++++ 

d-d- d-d- 

^ — 1 — [-+ 

“i — h 


0.05 

d — 1 — 1 — h 

d-d-d-d- 

++++ 

d-d-d-d- 


0.02 

d-d-d-d- 

d-d-d-d- 

++++ 

d-d-d-d- 

! 

i 

0.01 

d-d-d-d- 

-j — j — 1 — [. 

H — 1 — 1 — h 

d-d-d-d- 

4-a 

2.0 

d“ 

— 




1.0 

d-d-d- 

— 

— 

— 


0.5 

d-d-d* 

— 

— 

— 


0.2 

d-d-d-d- 

+d- 

— 

— 


0.1 

d-d-d-d- 

d-d- 

— 

— 


0.05 

d-d-d-d- 

d-d-d-d- 

+ 

d- 


0.02 

d-d-d-d- 

d-d-d-d- 

++ 

d-d- 


0.01 

d-d-d-d- 

d — 1 — i — h 

4 — I — h 

-fd — i — h 


Plus signs indicate amount of precipitate formed in Type III antiserum. 

Mimts signs indicate no precipitation in Tj-pe III antiserum, showing complete 
decomposition of the specific polysaccharide. 


of the bacterial extract is used as a measure of the activity, enzyme 
Preparation 4-fl is much more active than Preparation 3-b. This 
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drate other than the capsular polysaccharide of Type III Pneumo- 
coccus, this organism grows rapidly and abundantly on ordinary media, 
plain broth, peptone solution, and casein hydrolysate. When gro-nm 
on these media, however, the presence of other more readily available 
nutrients exerts a sparing action on the capsular polysaccharide. 

When first isolated, the organism required 10 days to decompose the 
specific substance in concentration of 0.002 per cent; in its present 
state of activity, it decomposes a 0.01 per cent concentration of the 
polysaccharide in 24 hours. By repeated transfers in the specific 
medium this potential property has been greatly enhanced. It seems 
likely that this increase in activity is associated with an increased 
elaboration of the specific enzyme. Further data concerning this 
point will be presented later. 

The fact that the growth of this organism is at least partly inhibited 
by the presence of glucose in the medium is unexplained but not a 
completely new phenomenon. There are on record at least two 
cellulose-decomposing species of bacteria the growth of which is in- 
hibited by reducing sugars and especially glucose. It may be men- 
tioned in passing that these organisms (Sp. cyiophaga Hutchinson and 
Clayton (14), and “Y” bacillus Dubos (4)) are also extremely specific 
in their activities since cellulose is the only material on which it has 
been possible to grow them. 

A comparison of the heat resistance of the spores and of the active 
enzyme extracted from the bacterial cells brings out the interesting 
fact that whereas the former resist heating at 95°C. for 5 minutes the 
latter is inactivated by 10 minutes exposure to 60°C. 

It is also worth noting that although the organism is so strictly 
aerobic, the isolated enzyme responsible for the decomposition of the 
specific substance is equally active under anaerobic and aerobic con- 
ditions. It is likely that this soluble principle belongs to the group 
of hydrolytic enzymes. 

Further work is in progress concerning the cultural conditions 
affecting the elaboration and activity of the enzyme. A fact of 
practical importance for experimentation is the possibility of titrating 
the activity of the enzyme in vitro by taking advantage of the quan- 
titative relationship which exists between the total quantity of sub- 
strate decomposed and the amount of enzyme used. 
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nutrients, such as peptones, which act as a more readily available 
source of energy. The action of the organism is specific; it does not 
attack the soluble specific substance of T 5 ^e I or Type II Pneiuno- 
coccus, nor any of the other bacterial polysaccharides thus far tested. 

5. The organism possesses an endocellular enzyme. This enzyme 
has been extracted by autolysis of the bacterial cells; in sterile solu- 
tion it exhibits the same specific action as do the organisms from which 
it is derived, decomposing only the capsular polysaccharide of Type 
III Pneumococcus. 

6. This enzyme decomposes the Type III specific polysaccharide 
under anaerobic as well as under aerobic conditions; it is inactivated 
at 60-65°C. ; the rate of decomposition of the specific substance is not 
affected by the presence of normal serum. 

7. There exists a quantitative relationship between the total amount 
of specific substance decomposed and the amount of enzyme prepara- 
tion used; the existence of this relation makes it possible to express the 
activity of a given enzyme preparation in terms of the minimal amount 
required for the complete decomposition of a given amount of specific 
substance. 

8. The specific decomposition of the capsular polysaccharide of 
Type III Pneumococcus, by the organism as well as by the enzyme it 
produces, illustrates once more tlie specificity of the types of Pneu- 
mococcus and confirms the fact that the capsular polysaccharides, and 
not some impurities carried along with them, are responsible for type 
specificity. 
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would have upon the encapsulated cells growing in vitro and in vivo\ 
whether in a medium containing the active enzyme Type III pneumo- 
cocci would fail to grow, or would grow merely deprived of their 
capsules; whether in the body of a susceptible animal the administra- 
tion of the enzyme would in any way modify the course of experimental 
infection with virulent Type III pneumococci. It is with these two 
questions that the present paper deals. 

Before discussing the experimental results to be reported in this 
paper, it may be well at this point to mention briefly the observations 
of other investigators who have attempted to modify or inhibit the 
activity of bacteria by the use of certain enzymes. 

Reference has already been made in previous papers (1-3), to the work of 
Toenniessen (4) who isolated in the form of galactan a gum-like material from an 
encapsulated strain of Friedlander’s bacillus. Of special interest in this regard is 
his observation on the utilization of this capsular substance by Bacillus vulgaius, 
when both organisms were grown together in symbiosis. Under these conditions he 
observed that the Friedliinder bacilli progressively lost their capsules, although 
the viability of the decapsulated forms was in no way impaired. This investigator 
attached no immunological significance to the capsular carbohydrate, nor did he 
attempt to apply the principle involved in this symbiotic relationship to the 
problems of experimental infection. Rather, Toenniessen regarded the substance 
of the capsule as a reserve food stuff, similar to starch in plants and glycogen in 
animals. From this viewpoint, however, he emphasized the significance of the 
capsule as a physiologically important part of the bacterial cell and showed that 
it maj' be decomposed bj' an unrelated species of microorganism. 

In 1910 Vaudremer (5) pointed out that tuberculin, when added to filtered 
extracts of Aspergillus fumigatus, loses in great part its activity. This decomposi- 
tion he attributed to the presence of various enzj'mes in the imheated extracts. 
He also showed that tubercle bacilli were modified by maceration in extracts of the 
fungus, and that under these conditions they became granular and less acid-fast. 
The injection of the bacilli, altered by growth in the fungus extracts, served to 
stimulate in animals an increased resistance to subsequent infection with virulent 
tubercle bacilli. Filtered extracts of the Aspergillus alone were used in the 
treatment of guinea pigs previously infected with tubercle bacilli. In these in- 
stances, the progress of the disease was often much retarded and the life of the 
treated animals prolonged. WTien Vaudremer had shown that unheated extracts 
of Aspergillus fumigatus were able to destroy tuberculin, to diminish the acid 
resistance of tubercle bacilli, and to retard infection in experimental animals, he 
applied the same methods to the treatment of tuberculosis in man. 

That tubercle bacilli lose their acid fastness after 3 months incubation in a 
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these organisms are grown in symbiosis with B. -julgatus. Similar 
relationships have been found to exist in the case of the symbiotic 
growth of an encapsulated strain of Type III Pneumococcus together 
with the enzyme-producing bacillus. The specific enzyme elaborated 
by the bacilli brings about the decomposition of the capsular poly- 
saccharide formed by the Pneumococcus. In symbiotic cultures of 
these two organisms, the pnemnococci lose their agglutinability in 
type-specific serum, and the soluble specific substance can no longer be 
demonstrated free in the culture fluid. Obviously these results are 
conditioned by certain variable factors, such as the relationship be- 
tween the rate of decomposition and the rate of production of capsular 
substance, and the maintenance of cultural conditions suitable for the 
physiological activity of both species of microorganisms. However, 
there is no difllculty in demonstrating the reaction when, instead of the 
living bacilli, a sterile extract of the enzyme itself is added in suitable 
concentration to the culture medium. Under these conditions the 
decomposition of the capsular polysaccharide by the enzyme can be 
demonstrated during growth of the pneumococci, by failure of the 
culture to react specifically when added to Type III antipneumococcus 
serum. 

Experiments of this nature reveal the fact that the enzyme by itself 
is neither bactericidal nor bacteriolytic; that by decomposing the 
specific carbohydrate, the enzyme merely deprives the bacteria of 
their capsules without impairing the viability of the cells. It is also 
evident that the action of the enzyme does not result in a loss of the 
function of elaborating the capsular substance, since organisms so 
treated regain their capsule and form the specific polysaccharide when 
transferred to a medium free of the enzyme. 

The experiments reported in the preceding paper (1) showed that an 
enzyme derived from an unrelated species of microorganisms acts 
upon the Type III capsular polysaccharide of Pneumococcus when 
this substance, separated from the bacterial cells, is used as the specific 
substrate. The experiments just described afford evidence that the 
enzyme also brings about the decomposition of this same capsulb 
material in the native form in which it exists as a structural part of 
the living organism. Since it has been shown that the enajune has a 
definite effect upon the capsular component of the cell growing in 
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vitro, the question naturally arose, whether it would exert a similar 
action on the encapsulated forms growing in the animal body; to seek 
the answer to this question the following experiments wrere designed, 

II. The Action of the Enzyme on Encapsulated Type III Pneumococci 

in Vivo 

Specificity of the Aciictn of Enzyme in Mice . — ^To dete rmin e whether 
the enz)mie would protect mice against infection, and to what extent 
the specificity exhibited by the enzyme in vitro would be reflected in 


TABLE I 

Specificity of the Protective Action of Enzyme 



Enzyme (Lot 4-o) 0.5 cc. 

No enzyme 

Infecting dose of 
Pneumococcus 

Pneumococ- 

Pneumococ- 

, Pneumococ- 

Virulence controls 


cus Type I 

cus Type H 

i cus Type m 

Typel 

TypeH 

1 Type HT 

cc. 

0.1 



s 




0.01 

— 

__ 

s 

— 

— 

— 

0.001 

— 

— 

S 

— 

— 

— 

0.0001 

D20 

D34 

S 

— 

— 

— 

0.00001 

D24 

D34 

s 1 

D22 

D36 

D 34 

0.000001 

D34 

D34 

s 

D34 

D36 

D34 

0.0000001 

— 

— 

— 

D34 1 

D 20 

D 72 


S = survived. 

D = death of animal; the numeral indicates the number of hours before death, 
or the time at which the animal was found dead. 

— = not done. 


its action in animals, three separate groups of mice were infected with 
Pneumococcus Types I, HE, and 111, each animal recehdng at the same 
time a constant amoimt of the Type III specific enzyme. The 
experiment was carried out as follows: 

The techmque of the protection test was the same as that already described. 
Three mice were injected intraperitoneall}' with 10”^, 10“^, and 10“^ cc. of a broth 
culture of T\*pe I Pneumococcus; three other mice received the same amounts of a 
culture of T^-pe 11; sLv mice were given much larger doses of a culture of Type TTT 
pneumococci ranging in amounts from 10“' to 10“^ cc. Simultaneously with the 
bacteria each mouse of all three groups received 0.5 cc. of the same preparation of 

















78 


ENZYME AGAINST TYPE HI PNEUIMOCOCCUS 


enz 3 me (Lot 4-c) . The virulence of the three ty'pes of pneumococci was controlled 
in each instance the infection of normal mice with 10~^, 10~®, and 10~^ cc. of 
the respective culture alone. 

The results of this experiment are recorded in Table I. The evi- 
dence clearly shows that the enzyme afforded mice protection against 
1 million times the fatal dose of a virulent culture of Type III Pneu- 
mococcus. It is further apparent that the protective action is type- 
specific, since mice receiving the same enzyme but infected with 
amounts as small as 0.000001 cc. of a culture of a heterologous t 3 rpe 
promptly succumbed to infection. Just as in the test tube, tlie en- 
zyme acts only on the Type III polysaccharide, so in the animal body 
it is effective only against infection with Type III Pneumococcus. 

Heat Inactivatiofi of the Enzyaie . — Experiments previously reported 
(1) showed that the activity of the enzyme, as measured by the decom- 
position of the free carbohydrate, was destroyed by exposure to a 
temperature of 60°C. for 10 minutes. In the following experiment, 
an active preparation of the enzyme was heated, at a temperature 
known to destroy completely its action in the test tube, in order to 
determine the effect of heat upon the protective poAver of enzyme 
in mice. 

5 cc. of enzATne preparation (Lot 4-c) were heated in a water bath at 70°C. for 
10 minutes. Each of three mice was injected intraperitoneally with 0.5 cc. of the 
heated enz 3 'me together with a culture of T 3 'pe III Pneumococcus in amounts of 
10~*, 10"®, and 10"® cc. respectiveb". Eacli of five other mice received similar 
amounts of the same preparation of the unhealed enz 3 TOe simultaneousb'^ with 
an amount of the cultures var 3 'ing from 10"^ to 10"® cc., respectively. Three 
mice infected with culture alone in doses of lO"®, 10~®, 10"^ cc. were used as 
virulence controls. 

The results of this experiment shoAV that the active principle re- 
sponsible for the protection of mice against infection is destroyed by 
exposure to 70°C. for 10 minutes. Mice receiving the heated enzyme 
succumbed to infection with the Smallest dose of culture used, 0.000001 
cc. On the other hand, mice injected with an equal amount of the 
same enzyme unheated survived as much as 0.1 cc. of the same culture 
of whicli 0.0000001 cc. alone proved fatal for the untreated controls. 
The inactivation by heat of the protective power of the enzyme in the 
animal body, parallels the loss of its acthdty in vitro after e.xposure to 
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temperatures of 60'’ C. or higher* The fact that heat destroys the 
activity of the enz3me both in intro and in invo, supports the assump- 
tion that the same principle is involved in the mechanism of both 
reactions. 

Relation between the Concentration and Protective Action of Enzyme , — 
Repeated tests have demonstrated that within the limits of the reac- 
tion capacity of the mouse, the protective action of the enzyme is a 
fimction of the concentration of the active principle in any given prep- 
aration. It is also apparent that the protection ajfforded by different 


TABLE n 

Inactivation of Enzyme by Heat 


Pnctunococcus Type HI 

Eii 2 ynie (Lot 4-fl) 0.5 cc. 

No enzyme 

Unheated j 

Heated at 70'*C. 10 niin. 

Mmlencc control 

cc, 

0.1 

Survived 



0.01 ^ 

Survived 

— 


0.001 

Survived 

— 


0.0001 

Survived 

D34 


O.OOGOl 

Survived 

D 72 

D34 

0.000001 

— 

D 72 

1 D34 

0.0000001* 

— 

__ 

D 72 


D = death of animal; the numeral indicates the munber of hours before death. 
— = not done. 

* The inoculum at this dilution of culture (10“" cc.) 3 delded 13 colonies on growth 
in blood agar. 

preparations of the enzyme bears a relation to their capacity to de- 
compose a known quantity of the capsular polysaccharide in vitro. 

The comparative protective action in mice of two separate prep- 
arations, one of which was much less active in vitro is shown in Table 

m. 

From Table HI it is evident that Preparation 3, which was much 
less active than Preparation 4-a in decomposing the poly^saccharide in 
the test tube, is also the less effective in the animal bod^^. Although 
the results obtained b^* the two methods of titration are not wholly 
comparable, the}" indicate the existence of a correlation between the in 
vitro and in vivo activity of the enzvTne. The comparison of these two 
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different preparations also suggests that the concentration of the 
enzyme in Preparation 3 is close to the minimum threshold value below 
which the enzyme ceases to function in protecting against even mini- 
mal infecting doses. From this and other similar experiments, the 
impression is gained that to be effective in animal protection, the con- 
centration of enz 3 mie in the body must be in excess so that the rate of 
decomposition is greater than the rate of production of the capsular 
substance by the living bacteria. The evidence also indicates that the 
greater the activity of the enzyme in vitro the greater is its protective 

TABLE ni 


Prolcciivc Action of Enzyme against Infection with Pneumococcus Type III 

Difference in protection titre of two preparations of enzyme which show marked 
differences in their activit}’’ in vitro. 


Pneumococcus Type in 

Enzyme 0.5 cc. 

No enzyme 

Lot 3 

Lot 4-fl 

Virulence controls 

cc, 

0.1 


s 


0.01 

D45 

s 


0.001 

D 72 

s 


0.0001 

D 72 

s 


0.00001 

S 6 days 

s 

D34 

0.000001 

S 

s 

D 34 

0.0000001 

— 

— 

D 72 


S = survival of animal. 

D = death of animal; the numeral indicates the number of hours before death. 
— = not done. 


action in mice. Both of these deductions, however, suffer the limita- 
tions imposed by the variations which occur in the cellular response of 
the host, as wiU be pointed out later in discussing the importance of 
phagocytosis in the protective reaction. 

Titration of Protective Action . — The concentration of enz 5 Tne in any 
given preparation as measured by the protection test in mice may be 
ascertained in two ways; (1) by determining the protective action of 
varying amounts of enzyme against a fixed quantity of culture, and 
(2) by determining the maximum amount of culture against which a 
constant quantity of the enzjune will protect. The results of experi" 
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upper limit against which a single dose of the enzyme fails to protect. 
Whether repeated injections of enz3mie during the course of the in- 
fection, or whether the perfecting of methods for concentrating and 
purif3dng the enzyme will enhance its protective action, cannot now be 
stated. Moreover the maintenance of an effective concentration of 
enzyme in the body during the course of infection appears necessary to 
achieve the maximum of protection. 

In order to ascertain how long the enzyme remains active after 
injection into normal mice, the following experiment was carried out. 

TABLE v 


Titralion of Prolectivc Action of Enzyme, against Infection with Pneumococcus 

Type III 

2. Constant amount of enzyme and varying amounts of culture. 


Pneumococcus Type III 

Enzyme (Lot 4-a) 

Amount 

Result 

cc. 

1 

cc. 


0.5 

1.0 

D 18 

0.4 

1.0 

D 4 days 

0.3 

1.0 

D 4 days 

0.2 

1.0 

s 

0.1 

1.0 

s 

0.01 

1.0 

s 

0.000001 

0 

D 25 

0.0000001 

0 

D42 


D = death of animal; numeral indicates number of hours before death. 
S = survival of animal. 


Mice were injected intraperitoneally with 1 cc. of a sterile solution of enzyme. 
At intervals thereafter var>dng from 20 to 43 hours, the mice were infected by 
the intraperitoneal injection of var>dng amounts of a virulent culture of Type III 
Pneumococcus. 

The results given in Tables VI and VII show that there is a gradual 
diminution in the protective action of the enzyme after its injection 
into the animal body. To determine more accurately the length of 
time during which the enzjme remains active in normal animals will 
require further detailed study. From the evidence available at pres- 
ent, it seems not unlikely that the occasional death of an infected 
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animal several days after the administration of a single dose of the 
enzyme (Table VII) may be attributable to the loss or inactivation of 
the active agent during the course of the infection, thereby allowing a 
few organisms to escape and reestablish themselves in the absence of an 
effective concentration of the protective principle. 

Curative Action of the Enzyme in Mice . — The preceding experiments 
were designed to demonstrate the protective action of the enzyme 
when administered simultaneously with the infecting microorganisms. 
In a few experiments the enzyme was given several hours before the 
bacteria were injected, in order to ascertain the duration of the activity 
of enzyme in the animal body. The degree of protection afforded 
under these circumstances is noteworthy, when the susceptibility of 
mice to pneumococcus infection, and the virulence of the strain em- 
ployed are taken into consideration. It seemed of even greater 
interest, however, to determine whether the enzyme would have any 
effect when inj'ected into mice that had been previously infected with a 
fatal dose of culture. The following experiment illustrates the so 
called curative action of the enzjnne in the presence of an infection 
already established at the time of treatment. 

Nine normal mice were infected with 10“® cc. of broth culture of a virulent 
strain of Pneumococcus T>Tpe III. 12 hours later three of these animals were given 
an intraperitoneal injection of 1 cc. of enzyme (Preparation 4-fl). Three other 
mice of the infected group were treated with the same amoimt of enzyme 18 hours 
after the infecting organisms had been given. The remaining three mice received 
no enzyme and served as untreated controls. As further controls of virulence 
two normal mice were injected with the culture alone in amounts of 10~'^ and 10~® 
cc. respective^. To estimate the number of organisms, these inocula were 
plated in blood agar and the number of colonies developing were counted. 10~^ 
cc. of culture yielded twenty'-five colonies in the poured plates, and 10“® cc., 
three colonies. 

The results of this experiment on the curative action of the enzyme 
(Table \TII) show that mice receiving a single injection of the enzyme 
18 hours after the onset of infection, recovered, whereas the untreated 
. controls all died. Under the e.xperimental conditions, the survival of 
the treated animals represents recovery from an infecting dose of 
culture 100 times greater than that fatal for untreated mice, \lffiile 
the conditions of this test were not the most severe, the outcome indi- 
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cates that the enzyme is effective when administered early in the 
course of an infection which otherwise invariably proves fatal. From 
other experiments, evidence has been gained that the administration 
of the enzyme several hoitrs after infection with larger amoimts of 
culture may favorably influence the course of the infection in mice. 

Mechanism of ihe Protective Action , — It was thought possible that 
some idea of the mechanism involved in the protective action of the 
enzyme in infected mice might be gained by following the course of 
the bacteremia by means of blood cultures, and by a study of the 

TABLE vm 


Curative Action of Enzyme in Mice Infected with Pneumococcus Type III 


Pncumococois Type m 
(100 fatal doses) 

Enzyme 1 cc. (Lot 4-c) given 

Controls 

12 hrs. after infection 

18 hrs. after infection 

No enzjrme 

cc, 

0.000001 

s 

s 

D 35 

0.000001 

s 

s 

D 59 

0.000001 

s 

s 

D 59 

0.0000001* 



— 

D &i 

O.OOOOOOOOlf 

— 

— 

D 60 


D = death of animal; the niuneral indicates the number of hours before death. 

S = survival of animal. 

* == Inoculum of this dilution of culture (10 "’^cc.) gave 25 colonies in blood agar. 

t Inoculum of this dilution of culture (10 cc.) gave 3 colonies in blood agar. 

cellular reactions in the peritoneal exudates of treated and untreated 
animals. A typical experiment follows: 

Twelve mice were injected intraperitoneally with 10“^ cc. of a oilture of Pneu- 
niococcus TjT>e III, the virulence of which was such that ICP® cc. caused death in 
from 36 to 72 hours. Six of the mice also received at the time of infection 0.5 cc. 
of an active preparation of the enz>Tne. The other six infected animals served 
as im treated controls. At hourly intervals following infection, one mouse of each 
group was sacrificed and autopsied. Cultures of the heart’s blood were made in 
broth and on blood agar plates. Films of the peritoneal e.vudates were stained by 
the Gram method, and examined to compare differences in the morphology of the 
organism and in the occurrence of phagaej^tosis in the treated and untreated 
animals. 
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The results of blood cultures taken during the course of the infection 
show that the enzyme has a distinct effect in checking the bacteremia 
which invariably occurs in infected mice. In both the treated and 
untreated animals pneumococci are present in the blood stream within 
the 1st hour following infection. However, the subsequent course of 
events, with reference to the persistence of bacteremia, differs in the 
two series of animals. For, while the bacteria progressively increase 
in the blood of the control mice until death, they invariably diminish 
in numbers in the circulation of the treated animals until by the 4th 
or 5th hour they can no longer be demonstrated by culture. The 
sterilization of the blood under these conditions is objective evidence of 
the protective action of the enzyme. 

The fate of the pneumococci under the influence of the enzyme is 
strikingly revealed by microscopic study of the peritoneal exudate 
during the course of tlie infection. Without giving in detail the re- 
sults of the serial examinations at hourly intervals, the progress of 
events is shown in the accompan 3 dng photomicrographs which illus- 
trate the differences in the cellular reactions of treated and untreated 
mice 2 and 4 hours after the injection of 1 million fatal doses of Pneu- 
mococcus T}’pe III. Two hours after infection the peritoneal exudate 
of the untreated control mouse (Fig. 1) shows numerous well encap- 
sulated cocci free in the fluid. In contrast to this, the pneumococci in 
the exudate of the enzyme-treated animal at this time (Fig. 2) are 
devoid of capsules and only the naked bacteria are visible, many of 
whicli are already engulfed by the polynuclear leucocytes. At the end 
of 4 hours, the number of encapsulated pneumococci have increased 
in tlie peritoneiun of the untreated control (Fig. 3), there is no evi- 
dence of phagocytosis, and cultures of the heart blood indicate a 
progressively increasing bacteremia. In the treated mouse at tlie end 
of 4 hours (Fig. 4) only an occasional unencapsulated organism is seen 
outside the accumulated leucocytes and frequently at this time and 
almost invariably by the 5th hour, pneumococci are no longer demon- 
strable by blood cultures. These findings have been repeatedly con- 
firmed in a series of similar experiments and they support the view that 
the protective action of the enzjmie lies in its capacity to decompose the 
capsular polysaccharide of Tjqie III Pneumococcus. 
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specific antibody, serves merely to initiate the protective reaction, 
the completion of which is ultimately dependent for its successful 
issue upon the effective cellular response of the host. 

The present study also suggests that the capsule — long recognized 
as a defense mechanism on the part of viriilent bacteria — is a decisive 
factor in determining the fate of pneumococci in the animal body, and 
that this structure is vulnerable to attack by specific agents other than 
antibodies. 


SUMMARY 

The bacterial enzyme which decomposes the purified capsular poly- 
saccharide of Type III Pneumococcus in vitro also destroys the cap- 
sules of the living organisms growing in media and in the animal body. 

Potent preparations of this same enzyme protect mice against in- 
fection with virulent Type III Pnexunococcus. The protective action 
is type-specific. 

The protective activity of the specific enzyme is destroyed by heat 
(70°C. for 10 minutes). 

The enz 3 mie remains in an effective concentration 24 to 48 hours 
after its injection into normal mice. 

The enzyme has been found to exert a favorable influence on the 
outcome of an infection already established at the time of treatment. 

A definite relationship has been found to exist between the activity 
of the enzyme in vitro and its protective power in the animal body. 

The mechanism of the protective action is discussed with special 
reference to the relation between the decapsulation of the bacteria by 
tlie enzyme and the phagocytic response of the host. 
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EXPLANATION OF PLATE 4 

Fig. 1. Photomicrograph of a stained preparation of the peritoneal exudate of 
a mouse 2 hours after the intraperitoneal injection of 0.01 cc. of a virulent culture 
of Tj’pe ni Pneumococcus. The bacteria show well defined capsules and no 
e\ddence of phagocytosis is seen. Many pol>Tnorphonuclear and a moderate 
number of mononuclear leucocytes are present. Gram stain, X 1000. 

Fig. 2. Photomicrograph of a corresponding preparation of the exudate of a 
mouse 2 hours after receiving the same amount of culture together with 0.5 cc. of a 
preparation of the specific enz>Tne. The bacteria are devoid of capsules. Poly- 
morphonuclear leucotytes predominate and phagocytosis is evident. Gram stain, 
XlOOO. 

Fig. 3. Photomicrograph of a stained film of the peritoneal exudate of a mouse 
4 hours after injection with 0.01 cc. of culture alone. The bacteria are increased 
in number, encapsulated, and extracellular. The cellular elements are poly- 
morphonuclear and mononuclear leucocy^tes in about equal numbers. Gram 
stain, XlOOO. 

Fig. 4. Photomicrograph of a corresponding preparation of the exudate of a 
mouse 4 hours after receiving the same amotmt of culture together with 0.5 cc. of a 
preparation of the specific enzyme. Alarked phagocytosis has occurred and only 
an occasional organism is seen outside the accumulated leucocy^tes, nearly all of 
which are of the pol>TnorphonucIear t>q)e. Gram stain, XlOOO. 

Difierences in the density of the backgroimds of the four figures are due to the 
use of color screens in the photographic reproductions. This technique, however, 
alters none of the essential details observed in the original microscopic preparations. 
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F. Following inoculation these birds were sent to The Rockefeller Institute. 
From examination of Text-fig. 1, it wiil be seen that the ^drus with which Parrots 
K, N, 0, and R were inoculated came originally from a natural infection in Parrot 
17. In Text-fig. 1, the doubly starred birds were handled only by Ejiimmede 
and his coworkers, the singly starred parrots were inoculated by them and given 
to us, the birds without stars were seen and handled onl}’' by us. 

Parrots, — Most birds used were Amazon parrots, while the remainder came 
either from Cuba or Mexico. 

Iiiocniaiions, — Inoculations were effected by instillation of the virus in the nose 
and mouth, by pollution of the food and drinking water with the inciting agent, 
or by injection of the virus into the pectoral muscles. 

Emviination of Tissues, — The majority of the autopsies was performed imme- 
diatel}'' after the animals had died or after they had been sacrificed b}^ means of 
ohloroform. In all instances, aerobic and anaerobic cultures from various organs 
were made for the detection of ordinaty bacteria. Sections from tissues fixed in 
Zenker’s fluid and in 10 per cent formalin were stained with eosin and methylene 
blue or according to Wolbach’s modification of Giemsa’s method. 

Measures Employed to Prevent Laboratory Infections, — ^At the time we began 
our w’ork it had ahead}’' become apparent that laborator}’' infections are a menace. 
Consequently measures were instituted to prevent as far as possible the spread 
of the disease to those actually working with the malady and to protect completely 
other individuals in the Institute. 

Two rooms on the same floor that contained our laboratory and the central 
media rooms were placed at our disposal for the housing of animals. The openings 
into tlie animal rooms were so fixed that no cracks between the doors and windows 
and tlieir frames, large enough to permit the passage of insects, remained. Fur- 
thermore, the doors and udndows were doubi}’' screened with coarsel}" and finel}’* 
meshed whe. Thus the mechanical spread of the virus by mice and insects was 
absolutely prevented. One room housed the animals known to be infected, while 
the other was used for animals inoculated with material undergoing tests for the 
presence of \drus. In the ‘‘clean room” the animals were caged in individual 
xmits and workers before going from one secrion to another washed their gloved 
hands with 5 per cent lysol. 

All cages were cleaned and then sterihzed with 5 per cent lysol 3 times a week 
as well as between experiments. Droppings and bedding were collected in large 
covered cans containing 5 per cent lysol. After the exterior of the cans had been 
washed with h^ol and while the containers were still wet, they were conveyed to 
the incinerator into which the refuse was dumped and immediately burned. Ani- 
mals to be autopsied were dipped, after death, in 5 per cent lysol and wrapped in 
towels moistened with the same solution before being taken to the laborator}% 
Finally, the floors were cleansed each day with lysol and allowed to remain wet. 

The cleaning of the cages and rooms and the examination of the sick animals 
constituted the most dangerous duties connected with the work. This is true, 
because the virus probably enters man through the upper respirator}^ tract, j.c., 
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P4 PSITTACOSIS. I 

From examination of Text-fig. 1, one learns that K^um^viede 
demonstrated that emulsions of mixed organs or filtrates of these 
emulsions administered intraorally or intramuscularly were capable 
of infecting birds. Furthermore, he showed that an emulsion of 
spleen alone injected intramuscularly was infectious. It remained 
for us to determine whether the virus is in the blood, in the liver, in 
the nasal secretions, and in the feces.* For this purpose, the following 
experiments were performed. 

Parrot N received intramuscularly 1 cc. of a 10 per cent spleen emulsion from 
Parrot M, Feb, 22^ 1930, Transferred to Rockefeller Institute, -Sfar. J, at which 
time it was sick. Mar, 5, stools loose, feathers rufl3ed. Mar, 6^ died and w^as 
autopsied immediately. Lungs negative; purulent (sterile) pericarditis; liver 
enlarged and friable; spleen large and soft; intestines a dusky reddish color. 

Parrot Ni received, Mar, intramuscularly and intraorally 3 cc. and 1.5 cc. 
respectively of a 10 per cent liver emulsion from Parrot N. Mar, 10, feathers 
rough, stools loose. Mar, 20, feathers rough, stools less v^Sitery, thin frothy 
discharge from nose. Mar, 26, bird seems well again. May 27, reinoculated 
intranasall}" with stool from Parrot 106, and found to be immune. 

Parrot K, Feb. 15, 1930, inoculated intraorally and intramuscularly vdth organ 
filtrate from Parrot F. Feb. 17, sick, Feb, 21, transferred to Rockefeller Insti- 
tute, feathers ruffled and stools loose. Chloroformed and autopsied immediately. 
2 cc. of blood drawn from the heart: half cultured and found free from ordinary 
bacteria, half used for inoculation of Parrot 83. Limgs and heart appear normal. 
Liv'cr shows on the surface several yellowish white lesions. Spleen enlarged; 
intestines a dusky reddish color. Cultures of spleen, liver, and heart muscle 
remained sterile. 

Parrot S4, Feb. 21, received intramuscularly 2 cc. of a 10 per cent liver, spleen, 
and heart emulsion from Parrot K. Feb. 25, looks sick, eats poorl 3 \ Feb. 28, 
weak, falls from perdu Mar, 15, seems much better. April 3, ver>’’ sick again. 
April 6, very thin and weak, stools loose. Died 12 noon and was autopsied 
immediately. Lungs and heart normal in appearance. Liver \exy large; over 
its surface and throughout the organ numerous whitish 3 ’’elIow areas noted. 
Liver not ver\' friable and seems to have more connective tissue than normal. 
Spleen ver>* large (tenfold increase in size) and soft. Cultures of liver, spleen, 
and lung remained sterile. 

* We knew that the \drus had been demonstrated in the droppings from infected 
parrots (.\rmstrong, C., J^IcCoy, G. W., and Branham, S. E., Pub. Health Rep., 
U, S. P. H,, 1930, 45, 725). The fact, however, that the inciting agent is found 
in droppings collected from the floor of cages is not definite e\ddence that the virus is 
excreted in the feces, because the droppings might become contaminated with 
virus after passage from the body. 
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Parrot 83 ^ Feb, 21, inoculated intramuscularly vdth 1 cc, of blood from Parrot K, 
Feb. 26, seems slightly ill, feathers somewhat ruffled. Mar, 10, bird died rather 
unexpectedly, inasmuch as it had never seemed very sick. Autops}' showed nor- 
mal limgs, liver, and brain, purulent (sterile) pericarditis, and friable spleen. 
Cultures of heart muscle, liver, and spleen remained sterile. 

Parrot 86, Mar, IZ, received 2.5 cc. and 0.5 cc. of an emulsion of liver and spleen 
intramuscularly and intraorally respectively.' Remained well imtil Mar, 20, 
when for the first time it looked sick, feathers roughened, stools loose. Mar, 23, 
better, stools formed. Mar, 29, ver>" sick again, weak, feathers rough, stools loose. 
Mar, 30, chloroformed and autopsied immediately. Emaciated, lungs normal, 
no pericarditis, liver large and friable, spleen twice normal size and soft, intestines 
injected, brain normal. Cultures of lungs, liver, and spleen remained sterile. 

Parrot 91, Mar, 30, inoculated intramuscularly vnth 4 cc. of a 10 per cent liver 
and spleen emulsion from Parrot 86, Also fed 1 cc. of the emulsion. Apr, 7, 
sick for the first time. Apr, 11, sick, stools loose. Apr, 18, vary sick, stools 
watery, stools collected for filtration experiment. Apr, 19, died and was autopsied 
immediately. Not emaciated. Limgs fairly normal, small hemorrhages in 
visceral pericardium. Liver large and friable; throughout the organ numerous 
yellowish wjiite areas of varying size (Fig, 4)^ Spleen 3 or 4 times normal size and 
spotted (Fig. 3). Intestines injected. Cultures of lungs showed several kinds 
of bacteria. Cultures of liver and spleen remained sterile. 

Parrot 95, Apr, 18, stool collected from Parrot 91 was diluted with Locke’s 
solution and filtered (half-hour) through a Berkefeld V. It was again filtered 
(10 minutes) through another Berkefeld V- The filtrate was free from ordinary' 
bacteria. Of this filtrate Parrot 95 received 2 cc. intramuscularly, 1 cc. intra- 
orally, and 5 cc. in its drinking water. Apr, 26, stools loose for first time. May 8, 
bird has gradually become worse; weak, eats poorly, feathers roughened. May 14, 
died. Immediately after death, material was collected from nose. Autopsy: 
Lungs normal; heart covered with a flaky exudate; liv^er large, friable, and mottled 
with yellowish areas of \'ar>dng size; spleen 3 times no rmal size; flakj" exudate over 
spleen and liver. Ciiltares of liver, spleen, and exudate remained sterile. 

Parrot 96, Apr, 19, received intraorally and intianasally 1 cc. of a 10 per cent 
liver and spleen emulsion from Parrot 91. 3 cc. of the emulsion was also put on 
the food and in the drinking water. Apr. 24, stools loose. Apr, 29, bird vary 
sick and weak, stools vraterj'. Apr, 30, bird worse, chloroformed. After death a 
whitish material came from nose (probably from procrop also). The bird was held 
over a Petri dish into which the material was allowed to drop. Autopsy: Lungs 
normal; no pericarditis; liver fatty and friable, studded with numerous white 
spots; spleen 5 times normal size, pale and friable; intestines normal; brain in- 
jected. Cultures of liver and spleen remained sterile. Spleen was contaminated 
while being removed. Cultures of nasal secretions showed no non-lactose-fer- 
menting bacilli. 

Parrot 98, Apr. 30, 0.25 cc. of the nasal secretions collected from Parrot 96 were 
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Text-Fig. 1. Diagrammatic representation of the experimental work concern- 
ing psittacosis conducted in parrots. The doubh' starred birds were handled only 
by Krumwiede, the singly starred parrots were handled both by Krumwiede and by 
us, the birds without stars were handled only by us. t indicates that the bird died. 
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the reticular and sinus structures are well preserved. The organ is infiltrated with 
wandering phagocj’tic cells with vacuolated cj^toplasm containing amorphous 
debris, pigment, and globules of fat. The increase in the size of the spleen seems 
to be due to the content of blood and the enormous number of mononudear cells. 

Liver ,* — The characteristic lesion of psittacosis in parrots consists of multiple 
discrete areas of necrotic liver cells irregularly distributed throughout the organ, 
but with a tendency to be more numerous near its periphery'. The condition 
appears to have its onset in the death of isolated liver cells or groups of cells; the 
cytoplasm becomes addophilic and granular, and shrinks from contact with other 
cells. The nuclei become hyperchromatic and pyknotic, and eventual!}' disap- 
pear completely. At this stage, mononuclear phagocj'tes and a few poljTnor- 
phonudear cells surroimd and infiltrate the lesion. As the process progresses, 
the necrotic liver cells disintegrate, leaving strands of addophilic, hyaline material 
which may or may not shovr collections of leucoc>'tes and depositions of fibrin 
(Fig. 7). WTien necrotic areas penetrate to the surface of the liver, accumulations 
of inflammatory cells are seen imder Glisson’s capsule, and an extension of the 
process leads to the perihepatitis and peritonitis that are encountered. Aroimd 
the zones of necrosis, proliferation of liver cells, indicated by mitotic figures, occurs. 
Within and armmd the lesions, cells, for the most part ‘‘endothelial leucocj’tes,’' 
filled with the “minute psittacosis bodies,” are also foimd (Fig. 2). 

Throughout the liver there is a proliferation of Kupfifer cells and focal accumula- 
tions of wandering mononudear cells of the same general t}*pe. Some of these 
have a highly vacuolated c>'toplasm containing masses of fat. Many plasma cells 
are also present. 

The bile ducts do not escape iniu^)^ Within the necrotic areas, the>' are dilated, 
and at times contain numerous mononudear phago(^’tes. The cells that form the 
walls of the ducts may undergo necrosis, becoming granular with pyknotic or 
missing nuclei. In chronic and in healing lesions, irregularly shaped collections of 
hepatic cells separated from each other by \’arious sized bile ducts undergoing 
proliferation and surrounded by lymphocytes and fibrous tissue (Fig, 8) are 
observed. The dilatation of the bile ducts and the character of the lesions in the 
later stages of the disease which resemble those produced by h'gation of the common 
duct, lead one to beUeve that ocdusions of the biliary sj^stem in the parrot may 
occur in some manner as the result of an infection with the \'irus of psittacosis- 

Striking alterations in the vascular channels are not usually seen, but in certain 


* The anatomy of the parrot’s liver differs from that of mammalian livers in 
that the bile duct draining the left lobe enters directly into the duodenum. There 
are also differences in the microscopic appearances of the two kinds of livers. 
For example, lobulation in the parrot’s liver is not well developed and arrangement 
of the parenchxTnal cells in chains occurs only to a sh'ght extent- Moreover, the 
bile ducts, which in mammals are invariably associated with blood vessels, may at 
times be found unassociated with such structures in the parrot. 
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Summary of Reinoculation Experiments in Parrots 
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The “minute bodies” found in exudates and in certain infected or- 
gans were first described by Levinthal (6) who thinks that they are of 
etiological significance and probably represent small bacteria of a 
nature similar to that of B. Udarcnsc. Lillie (7) believes these struc- 
tures are Rickettsiae and proposes for them the name Rickettsia psiUaci. 
Coles (8) speaks of them as “x-bodies” and is also of the opinion that 
they probably constitute the causal agent. We have experienced no 
difficulty in finding these bodies in some animals, while in others 
extensive search has failed to reveal them. When present they take 
stains with ease, are Gram-negative, and closely resemble minute 
microorganisms with a diameter of about 0.2;^. As yet, however, no 
one has succeeded in cultivating them on ordinary laboratory media, 
and their exact nature and relation to psittacosis is still an open 
question. 


CONCLUSIONS 

1. The virus of psittacosis is present in the nasal secretions, feces, 
blood, spleen, and liver of an infected parrot. 

2. Parrots are susceptible to intraoral, intranasal, or intramuscular 
inoculations of the virus. 

3. The most constant pathological changes produced by psittacosis 
in parrots occur in the spleen and liver. The lesions exhibited in the 
latter organ consist of areas of necrotic liver cells and damage to bile 
ducts. In no instance, in our experience, were lesions observed in a 
parrot’s lungs comparable to those found in the lungs of men. 

4. “Minute bodies” similar to those described by Levinthal and 
others were found in many, but not in all of the infected birds. 

5. Parrots that have recovered from one attack of psittacosis 
exhibit an active immunity against reinfection. 
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EXPLANATION OF PLATES 
Plate 5 

Fig. 1. Photograph of costume worn in animal rooms.^ A parrot with psitta- 
cosis is perched on the left wrist of the worker. The other bird is normaL 
Fig. 2. ‘‘Minute bodies” in mononuclear cells of the liver, X1700. 

Fig. 3. An enlarged and mottled spleen from a parrot with psittacosis. Xl- 
Fig. 4. Liver from a parrot infected with psittacosis. The necrotic areas are 
white. Xl. 


Plate 6 

Fig. 5. Section from a parrot’s spleen injured by the virus of psittacosis. Nor- 
mal architecture destroyed. X170. Eosin and methylene blue. 

Fig. 6. Normal parrot’s spleen. Compare with Fig, 5. X170. Eosin and 

methylene blue. 


Plate 7 

Fig. 7. Section from a liver of a parrot with psittacosis. Early lesions showing 
degeneration of liver cells and depositions of fibrin. X 1 15, Eosin and methylene 
blue. 

Fig. 8. Section from a liver late in the disease, showing proliferation of bile 
ducts, i n filtration of mononuclear cells, and deposition of connective tissue. 
X450. Eosin and methylene blue. 
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PSITTACOSIS 

II. Experimentally Induced Infections in Mice 


By T. M. rivers, M.D., and G. P. BERRY, M.D. 

{Protn the Hospital of The Rockefeller Institute for Medical Research) 

Plates 8 to 10 

(Received for publication, April 1, 1931) 

Krumwiede and his coworkers (1) were the first to report that mice 
are capable of being experimentally infected by intraperitoneal inocu- 
lations of the virus of psittacosis derived from a parrot. Furthermore, 
they showed that the active agent can be transmitted from mouse to 
mouse in series. These observations were important because they 
provided a readily available experimental animal and one much less 
dangerous to handle than are parrots. Consequently, when Krum- 
wiede and his associates discontinued their work and gave us two 
strains of virus, observations on psittacosis infections in mice were 
immediately begun. The object of this communication is to describe 
some of our experiences encountered during the course of these 
investigations. 


Methods and Materials 

Virus , — ^Active agents from 3 sources were used. One strain (Parrot N) came 
from a bird (see first paper in this series) infected with virus originally obtained 
from a sick parrot. The second strain (\Venz C or WC) was secured from a 
parrot inoculated with material from a patient who had died of psittacosis. The 
third virus was obtained from the sputum of a patient (G. P. B.) during the course 
of a psittacosis infection contracted in the laboratory (2). From 2 sources in the 
mice, brain, pooled liver and spleen, the virus was secured for passages and 
experimental purposes. The organs used were always tested for the presence of 
ordinary’ aerobic and anaerobic bacteria. 

Inoculation , — ^The mice were usually inoculated intraperitoneally or intra- 
ccrebrally with 0.5 cc, and 0.025 cc. respectively of organ emulsions. The tech- 
nique of intracerebral injections will be described in detail later in the paper. 

Clinical Signs of Infection in Mice , — In animals inoculated intraperitoneally, 
the time of onset of the illness varied with the amount and potenc>' of the \'irus. 

105 
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Loss of appetite and weight, and roughening of the fur were constant signs of 
infection. A few animals died during convulsive seizures. The elapse of time 
between the inoculations and the death of the animals varied, c.g., many mice 
died within 48 hours, others succumbed after 3 weeks, and a few recovered. The 
clinical picture of the disease in mice intracerebrally inoculated will be discussed 
in another part of the paper. 


EXPERIMENTAL 

Three strains of psittacosis virus were studied experimentally in mice. 
A brief review of the findings with 2 of them will be made, after which 
follows a more detailed description of the work with the third. Then, 
the pathological changes caused by the virus in mice will be discussed. 
Finally, certain experiments dealing with the phenomena of immunity 
will be described. 

Mice Infected with a Parrot Strain of Virus 

The following experiments were performed to ascertain whether a 
parrot strain of psittacosis virus is capable of propagation in mice. 

A 10 per cent emulsion of liver and spleen from Parrot N was divided into 2 
portions, one of which was heated at 100°C. for 1 minute. Then 4 mice were 
inoculated intraperitoneally (0.5 cc. each) with the heated, and 4 more with the 
unheated material. None of the animals that received the heated emulsion be- 
came ill, while all of those that were inoculated witli the unheated material sick- 
ened and died. An emulsion was made from the liver and spleen of one of the 
mice that died. Again the emulsion was divided and treated in a manner similar 
to that already described. The 4 mice inoculated witli tlie heated material re- 
mained healthy, and later, when 2 of diem had been sacrificed, 4 odier mice were 
injected with an emulsion of their livers and spleens. These animals showed no 
illness. The mice, however, that received the unheated emulsion died in 4-7 days. 
B}’ means of intraperitoneal inoculations of liver and spleen emulsions, serial pas- 
sages of die virus through 7 successive groups of mice were made, and the typical 
clinical and pathological pictures of psittacosis were observed in the infected 
animals. The series was discontinued after the 7th passage. 

The above group of e.xperiments shows that a parrot strain of 
psittacosis virus is pathogenic for mice, and that the virus can be 
propagated serially in mice by means of intraperitoneal inoculations 
of infected hepatic and splenic emulsions. IMoreover, virus-containing 
emulsions that have been heated at 100°C. for 1 minute and emulsions 
of livers and spleens from normal mice are innocuous. 
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Mice Injected with B-Sputnm Strain of Virus 

An infection incurred in the laboratory provided an opportunity of 
determining (1) whether psittacosis virus occurs in a patient^.s sputum, 
and (2) whether mice are suitable for diagnostic purposes. 

G. P. B. expectorated a mass of thick tenacious sputum on the 10th day of his 
illness (2). This sputum was washed and emulsified in Locke’s solution. Cul- 
tures of the emulsion showed a few colonies of organisms usually found in the 
throat. Apr. 10, each of 4 mice received intraperitoneally 0.5 cc. of the emulsified 
sputum. On Apr. 12th, one mouse was foimd dead. Since it had evidently died 
of a bacterial infection, no passage from it was made. On Apr. 25th, however, 
another mouse died, and shortly after death an emulsion of its liver and spleen, 
which was free from ordinary bacteria, was injected into normal mice. These 
animals sickened and died in 3 or 4 days. With liver and spleen emulsions pas- 
sages were made in series through 13 sets of mice at which time they were dis- 
continued. The majority of the animals died 3-7 days after inoculation and 
presented a typical pictiure of psittacosis. Some of the material used for the 4th 
transfer induced psittacosis when injected into Parrot 102. 

The above experiments clearly indicate that mice may be used for 
the diagnosis of psittacosis. Furthermore, they demonstrated for 
the first time — and the results were confirmed by inoculation of a 
parrot— that the virus is present in the sputum of man infected with 
psittacosis. Bedson and Western (3) state that Krumwiede (1) 
proved the presence of virus in a patient’s sputum. But the report 
of Krumwiede and his coworkers shows that they demonstrated the 
active agent in a mixture of sputum and blood. Since it is known 
that the virus is frequently in the blood, such an experiment does not 
suffice to prove its presence in the sputum. Nevertheless, it is the 
virus in the sputum which probably constitutes the chief source of 
danger in handling patients with psittacosis.* 

Mice Infected with Wenz C Strain of Virus 

Parrot Wenz C was inoculated by Krumwiede vdth an emulsion 
of lung and spleen from a woman who had succumbed to psittacosis. 

* A small epidemic of psittacosis recently occurred in Brookljm. Mice alone 
were used to obtain the virus from sputum, and autopsy material. They were 
adequate for diagnostic purposes. The details of this work will be published 
later. 
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Parrot Venz C 
(3-10-30) 


Unheated 

Heated 

1 

4 mice VC, 

1 

4 mice (neg) 

Unheated 

Heated 1 

4 mice VCo 

1 ^ 

4 mice (neg) 

1 

4 mice VC 3 

4 mice (neg) 

4 mice VC 4 

1 

Parrot 80 (pos) 

1 

j 

4 mice VCo 

1 

(Oral and intramuscular) 


4 mice VC 


10 


I 


I 

Pabbit (pos.) 
(intracerebral) 


4 mice \1Cj^q 

I 

I 

4 mice VCgY 


V- 


Parrot 108 (pos) Monkey experiments 
(Nasal and intramuscular) 1 through 6 


4 mice VC 28 3 rabbits (pos) 3 guinea pigs (pos) 
j (Intratracheal) (Intrapulmonary) 

I 

4 mice VC 35 


4 mice VC 3 y Mouse brain experiments 

I 

4 mice WCgj (pos.) 

(2-2-31) 

Text-Fig. 1. Schematic portrayal of the e.xperimental work in mice dealing 
with the WC strain of psittacosis \nrus. 


Shortly after inoculation the bird was transferred to The Rockefeller 
Institute, where it soon became sick. From a sterile emulsion of the 
liver and spleen of this parrot a series of passages and experiments 
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Intracerebral Inocnlalions 

Technique , — Intracerebral inoculations* in mice are accomplished with ease. 
A 0.25 cc. tuberculin sjninge fitted with a 27 gauge needle, was used, Witli the 
body of the mouse under the palm of the left hand, one grasps the head between 
the thumb and index finger and presses it firmly against the table. The fur is 
then parted over the middle of the left parietal bone by means of a small cotton 
swab moistened with 95 per cent alcohol. The right hand holding the S 3 Tinge 
slowl}'" pushes the needle through the skull, 2 mm. to the left of the midline, to a 
depth of about 2 mm. and injects 0.025 cc. of the inoculum. If serum, Locke’s 
solution, or normal brain emulsion is injected in this manner, the mice appear 
normal within 30-60 minutes. If irritating fluids are introduced, 24 hours ma}^ 
be required for the return to normal. 

Clinical Picture and Time of Death , — Except for the mice that received the most 
concentrated emulsions, the animals appeared normal the day following inocula- 
tion and so remained from one to several days according to the dose. Death 
usually occurred within 48 hours after the appearance of signs of illness. Failure 
to cat and hyperirritability accompanied by roughening of the fur were the first 
evidences of sicloiess. The irritabilit}'^ manifested itself in exaggerated responses 
to different stimuli. Between the periods of motor hyperactivity, the animals sat 
quictl^^ with arched backs and with heads held perpendicular to the floor. At this 
stage of the disease, the eyes were surrounded by red circles. Twitchings involving 
the jaw, e^'CS, and legs developed. Ataxia was pronounced and some of the mice 
went round in circles, or would rise up and fall over backwards. Then, general- 
alized convnilsive seizures developed and death followed. The posture in death was 
characteristic and striking; the head was retracted, the back was arched, the fore- 
legs were flexed, the hindlegs and tail were extended. Immediatel}^ after death, 
rigor mortis developed. The time of death varied with the dilution of the inocu- 
lum. The following results illustrate this fact: 4 mice were inoculated with 0.025 
cc. of each dilution — 1 per cent, all dead in 40-60 hours; 0.1 per cent, all dead 
3-4 days; 0.01 per cent, all dead 3-4 da 3 "s; 0.001 per cent, all dead 4-5 da 3 ^s; 
0.0001 per cent, all dead 5-7 da 3 's; 0.00001 per cent, all dead 6-7 da 3 ^s. The po- 
(cnc 3 " of emulsions varies from time to time, and some of the mice that received 
the higher dilutions occasionally sur\dved. 

Rcsitlts 

The passages of virus from brain to brain were initiated by the intra- 
cerebral inoculation of 6 mice with 0.025 cc. each of a 10 per cent 
emulsion of livers and spleens from mice WCsc (see Text-figs. 1 and 2). 
The results of the work portrayed in Text-fig. 2 demonstrate that the 
virus by intracranial inoculations of emulsified brain tissue was serially 

* AW operations were performed under light ether anesthesia. 
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Pathology 

The pathological findings vary somewhat according to the mode of 
inoculation and the lapse of time between inoculation and death. 
The gross changes in the different sets of animals will be described 
first, after which the microscopic pathology will be discussed. 

Gross Pathology of Mice Inoculated IntrapcritoncaUy, — The mice that received 
intraperitoneal injections of virus-containing emulsions were emaciated and 
frequently had distended abdomens. On opening the abdominal cavity, one 
usually found an excess of sticky fluid containing flakes of fibrin. The livem 
were enlarged and friable; often they had undergone such extensive fatty degen- 
eration that tliey had become chamois-colored; and scattered over the surface 
3 ’’ellowish white spots, surrounded occasionally by hemorrhagic zones, were at 
times seen. Such spots, most frequently observed at or near the edges of the 
lobes, resembled areas of necrosis or minute infarcts (Fig. 5). If the mice died 
promptly, enlargement and fatty degeneration were the only gross evidences of 
involvement of the liver. The longer the animals survived after infection, the 
more likely were the necrotic areas in the liver to be found. The spleens were 
usualty enlarged, ver}^ red, and friable. At times whitish spots could be seen 
shining tlirough the capsule. The pancreas, adrenals, and intestines were not 
particularly abnormal. The kidneys showed a mild parenchimatous degenera- 
tion. When the thorax was opened, the pleura and heart were usually normal in 
appearance. The lungs were redder than normal, but pneumonia was seldom if 
ever noted. Aerobic and anaerobic cultures of the livers and spleens with a few 
exceptions remained sterile. \\Tien bacteria were present, the}'' were found 
to be of various sorts and of no etiological significance. 

Gross Pathology of Mice Inoculated Intraccrchrally. — ^The chief difference be- 
tween the mice inoculated intracercbrally and those injected intraperitoneally was 
the involvement of the brain. In opening the cranial cavity, one often saw a 
small hemorrhage beneath the scalp and a hemorrhagic spot in the left hemisphere 
of the brain where the injections were made. The sutures of the skull were wide 
and bulging, and when pieces of the bones were removed, the congested edematous 
brain herniated through the opening. Covering the surface of the brain and lying 
in spaces between the lobes was a sticky exudate. Cultures of this exudate and 
brain tissue remained sterile. The organs in the thorax were normal. The 
abdomen was not distended, but, in a certain number of the animals, gross changes 
were noted in the livers and spleens. The former were usually fatty, and about 
20 per cent of them showed areas of necrosis. The latter were enlarged, and 
necrotic zones were seen in approximately 10 per cent of them. 

Microscopic Pathology. Liver. — When the mice were inoculated intraperi- 
toneally, an exudate, consisting of fibrin, polymorphonuclear and mononuclear 
tells, at times was seen over the surface of the liver. The pathological pictures 
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“x-bodies” by Coles (8) were found in sections* and smearsf of exudates and organs 
from mice infected with psittacosis. The}^ were abundant in the peritoneal and 
meningeal exudates and in the livers and spleens. Not always, however, were 
they found in material known to be infectious. Furtliermore, livers and spleens 
from mice that died within 48 hours after infection showed either none or only a 
few of the bodies, while organs from animals that survived a number of days 
contained many such structures. These bodies were small cocci or short bacillar}’' 
structures, 0.2-0.25/x in diameter or in length respectively. They occurred singly 
or in clusters intracellularly or extracellularly. For the most part, the}’' were seen 
in the cytoplasm of mononuclear cells which were greatl}’’ distended by them. 
The nature of the bodies is not definitely known, but they appear to be minute 
organisms, and the idea, held by certain workers, that they represent the etiological 
agent of psittacosis deserves serious consideration. 

Imiminity 

It seemed advisable to determine whether mice that had recovered 
from psittacosis were actively immune. Furthermore, an effort was 
made to ascertain w^hether the mouse can be used for testing the 
presence of protective antibodies in the sera of human beings con- 
valescing from psittacosis. In this way, it was hoped that an easy 
experimental method might be found for the diagnosis of certain 
obscure conditions in man, thought to be psittacosis. 

Active Ivimunity . — 53 mice that had survived their original inoculation for 
var}dng periods of time were reinfected, 42 intraperitoneally and 11 intracerebrally. 
Of the 53 animals, only 5 lived for as long as 2 weeks. The others sickened and 
died in a manner identical with that of the controls. The reinfecting dose was 
0.5 cc. of a 10 per cent organ emulsion that was employed for regular passages. 

Protection Experments . — 4 groups of experiments were performed, involving 16 


* In sections the bodies are colored blue with eosin and methylene blue and 
with Giemsa^s stain. 

t For the study of smears, a modification of the stain used by Castaneda in 
Zinsser’s laborator}*’ for the demonstration of Mooser bodies {Rickettsiae) in Mexi- 
can Uphus was used. This stain colors the minute bodies blue and the cells and 


albuminous material pink. 

cc. 

Phosphate buffer pH 7.0 95 

Formalin 5 

Locfllcr’s methylene blue 10 


Stain 2 minutes, rinse with water, counterstain for a few seconds with aqueous 
safranin. 
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separate tests and 7 controls. Each test was carried out in 4 mice. Consequently 
92 mice were used. Convalescent sera ,* collected from 10 different patients 6-8 
weeks after subsidence of fever, were tested. Serum from a rabbit that had 
recovered from an intracerebral inoculation of virus was also used. Normal 
human serum, normal rabbit serum, and Lockers solution were employed as con- 
trols. Each mouse was given intraperitoneally 0.5 cc. of normal serum, convales- 
cent serum, or Lockers solution from 4-24 hours before the intraperitoneal admhus- 
tration of 0.5 cc. of a virus-containing emulsion. The animals in the test group 
showed no evidence of having been protected, inasmuch as they died as promptly 
as did the controls. 

Neutralization Experiments . — One neutralization experiment, involving 18 
mice, divided into 3 groups of 6 each, was performed. The serum tested was 
collected from a patient (G. P. B.) 10 days after subsidence of fever. The con- 
trols were Locke’s solution, and normal human serum pooled from 5 individuals. 
The test and control sera, and Locke’s solution respectively were mixed with an 
equal volume of virus-containing brain emulsion diluted to a percentage strength 
of 10“^, 10”^ 10'”'*, The mixtures were incubated at 37®C. for 1 hour and then 
chilled for 1 hour, after which 0.025 cc. of each were intracerebrally injected in mice. 
All the mice responded to the inoculations in a similar manner. Thus, from this 
experiment no evidence that convalescent human serum contains an appreciable 
amount of neutralizing substances for psittacosis virus was obtained. 

From the results of our investigations in mice concerning immunity 
to psittacosis it appears that little if any active resistance develops in 
these animals following one attack of the disease, that convalescent 
human serum does not protect them against virus administered 4-24 
hours later, and, finally, that convalescent human serum possesses 
relatively small amounts of neutralizing antibodies. Although our 
experiments seem to indicate that no active immunity develops in 
mice, the evidence is not conclusive, inasmuch as an overAvhelming 
dose of virus was used for reinoculation. Further work, therefore, 
is being conducted to obtain more accurate information. 

SUMilARY AND CONCLUSIONS 

The work presented in this communication concerning psittacosis 
in mice confirms Krumwiede’s observ^ations that mice inoculated 
intraperitoneally vdth emulsified livers and spleens containing the 
virus develop the disease and that the malady can in this way be 
passed seriall}’’ through a number of mice. Furthermore, it has been 

* Supplied by Drs. .Amoss, Krumwiedc, and Wadsworth. 
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shown that mice are susceptible to the virus administered intracere- 
brally and that the active agent can be propagated indefinitely by 
means of brain to brain inoculations. Moreover, by the use of mice, 
the presence of the virus of psittacosis in the sputum of a patient with 
the disease has for the first time been demonstrated. It follows that 
the mouse is available for diagnostic purposes. 

The pathological findings in infected mice consist of enlarged fatty 
livers that frequently show areas of necrosis infiltrated with poly- 
morphonuclear and mononuclear cells; enlarged spleens with areas of 
necrosis and cellular infiltrations involving the pulp and lymphoid 
follicles; and, finally, in intracerebrally infected animals, a meningo- 
encephalitis. The “minute bodies” described by other observers 
were not found in all animals, but they were seen with sufficient fre- 
quency in smears of peritoneal and meningeal exudates and in smears 
and sections of livers and spleens to demand serious consideration as 
the possible etiological agent of the disease. 

Neutralizing and protective antibodies were not found in conva- 
lescent human sera when the mouse was used as the test animal. 
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EXPLANATION OF PLATES 
Plate 8 

Fig. 1. Section from spleen of a normal mouse. Compare with Fig. 2. X85. 

Eosin and methylene blue. 

Fig. 2. Section from spleen of mouse with psittacosis. Lymphoid follicles and 
pulp c.xtcnsively involved. Compare witli Fig. 1. X85. Eosin and methylene 

blue. 

Fig 3. Small area of hyaline necrosis in lymphoid follicle of spleen. X37S. 
Eosin and methylene blue. 
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Fig, 4, Lesion in splenic pulp; area of hyaline necrosis infiltrated with poly- 
morphonuclear leucocytes. X375. Eosin and methylene blue. 

Plate 9 

Fig. 5. Liver from mouse with psitacosis. The organ has undergone fatty 
degeneration, and is mottled with areas of focal necrosis. Xl. 

Figs. 6 and 7, Early psittacosis lesions in liver; hyaline necrosis without much 
cellular infiltration. X85 and 375. Eosin and methylene blue. 

Figs, 8 and 9. Lesions in liver caused by the virus of psittacosis; hyaline 
necrosis with infiltration of polymorphonuclear leucocytes. X85 and 375. 
Eosin and methylene blue. 


Plate 10 

Figs. 10 and 11. Liver lesions late in the course of a psittacosis infection; areas 
of hyaline necrosis replaced by nests of mononuclear cells. X 100 and 400. Eosin 
and methylene blue. 

Fig. 12. Very extensive involvement of the liver that may appear early in the 
course of the infection; granular and fatty degeneration of the liver cells accom- 
panied by nests of infiltrated cells. X400, Eosin and methylene blue. 
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EXPERIMENTAL 

Since symptoms and signs referable to the central nervous system 
constitute a conspicuous part of the clinical picture of psittacosis in 
man, and since many viruses are capable of propagation by means of 
brain to brain passages, it occurred to us that information concerning 
the etiological agent of psittacosis might be obtained by studying its 
effects on rabbits and guinea pigs infected intracerebrally. Further- 
more, if it proved possible to establish the virus in these animals, an 
opportunity to investigate its distribution in their bodies would be 
provided. Moreover, we wished to determine whether passage of the 
virus through these more or less alien hosts would alter its pathogen- 
icity for the natural host, the parrot, and for another alien host, the 
mouse. Finally, we desired to make certain investigations regarding 
immunity to psittacosis that would be facilitated in case the rabbit 
was found to be susceptible to the disease. Before discussing the 
results of our experiments, we shall give a general description of 
psittacosis experimentally induced by intracerebral inoculations of the 
virus in rabbits and guinea pigs. To this description, a few illustra- 
tive protocols are appended. 

Clinical and Pathological Evidences of Infection 

Following intracerebral inoculations of potent virus, all of the rabbits and guinea 
pigs, with a few exceptions, showed a high fever, i.c., a temperature above 104°F. 
In many instances the temperature rose to 106-107°F, and occasionally reached 
108. 5°F. The peak of the febrile reaction was usuallj'^ passed by the end of the 
1st week after inoculation. During the febrile period, the animals appeared sick, 
refused to eat, lost weight extremely rapidlj", and at times became ataxic. A 
few gravid pigs aborted. Some of the rabbits had convulsive seizures and 
died. As a rule, however, the animals recovered rapidly and appeared normal 
again 2 weeks after inoculation. The febrile reaction was so constant and 
striking that it was used as an index of infection. 

The brains of rabbits and guinea pigs inoculated intracerebrally always showed 
pathological changes. The reaction was predominantly a meningitis characterized 
by infiltration of mononuclear and pohnnorphonuclear cells. The exudate was 
never extensive nor was it at any time purulent. The brain substance itself was 
not extensively damaged. Some degeneration of ner\'e cells and perivascular 
infiltration were seen. In the rabbits it was not always possible, because of the 
spontaneous encephalitis that occurs in them, to be certain of the cause of the 
changes around the vessels. In the pigs, however, there was no doubt that the 
virus of psittacosis produced perivascular infiltration. 
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From the general description of the clinical findings and from the 
illustrative protocols it is obvious that the chief reactions in rabbits and 
guinea pigs to intracerebral inoculations of psittacosis virus are loss of 
weight and fever which at times may be excessively high. Most ani- 
mals reveal little or no clinical evidence of involvement of the brain and 
quickly make a complete recovery. Apart from the mild meningo- 
encephalitis that all of the intracerebrally infected animals show, the 
chief pathological changes are noted in the liver where striking lesions 
are found in approximately 10 per cent of the cases. These alterations 
are characterized by fatty degeneration, focal necrosis, and infarct- 
like processes (Figs. 1, 2). 


Results 

Having detailed the clinical and pathological findings in rabbits and 
guinea pigs intracranially infected with psittacosis, we shall now 
describe the results of experiments on the serial passage of the virus in 
these animals. 

Parrot N was infected by Krumwiede with a parrot strain of psittacosis virus 
and then transferred to The Rockefeller Institute. On Mar. 6, 1930, the bird died 
and at autopsy, a fatty liver, a large soft spleen, and a pericarditis were found. 
Cultures of the organs and pericardial e.\udate remained sterile, and on Mar. 8th 
0.25 cc. of a 10 per cent liver and spleen emulsion were injected intracerebrally in 
a rabbit. The rabbit became sick and developed a high fever. On the 3rd day 
following inoculation, tlie animal was sacrificed and a 10 per cent brain emulsion 
was prepared and used to inoculate 2 normal rabbits intracranially. In this 
manner the virus was propagated serially through 5 groups of rabbits at which time, 
in addition to rabbits, a parrot and 4 mice were inoculated. All of these animals 
showed the clinical and pathological pictures of psittacosis. From a rabbit in the 
lOtli set in the series, the virus was passed to normal rabbits by means of intra- 
cranial inoculations of emulsified liver and spleen. From a rabbit in the 12th set, 
blood was used to transfer the disease to a series of rabbits in which the virus was 
successfully propagated through 8 successive sets of animals. 

From the 6th rabbit (Rabbit Nc) in the series of passages, 2 guinea pigs were 
inoculated (0.1 cc.) intracranially. From tlie brain of one of tliese pigs an emul- 
sion was made and other pigs were infected intracerebrally in series. From a 
pig (Guinea Pig RN65) in tlie 5tli set of the series, 4 mice and a parrot were inocu- 
lated and developed tj-pical psittacosis. From the liver and spleen of a pig in the 
7th set. an emulsion was made and injected (0.1 cc.) into the brain of 2 pigs. 
These animals became sick and developed fever. From them the virus was 
passed to other pigs. 
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Text-fig. 1 schematically portrays the serial passages of the parrot strain of 
psittacosis virus in rabbits and guinea pigs. Each set of animals consisted either 
of 2 rabbits or of 2 pigs. This fact, however, is not indicated in the diagram. 
Furthermore, when no notation concerning the inoculum and the route of inocula- 
tion occurs, it should be remembered that such passages were made from brain to 
brain. 
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Text-Fig. 1. Diagrammatic representation of experimental work conducted in 
rabbits and guinea pigs with a parrot strain of psittacosis virus. The mode of 
transfer, \s’hcn undesignated, consisted of intracerebral inoculation of emulsified 
brain tissue. 


Another scries of passages in rabbits, similar to the one just described, was con- 
ducted wi^ \'irus from the liver and spleen of Parrot Wenz C which had been 
infected \\ith material of human origin. The active agent was passed intraccre- 
hrally ^rough 14 successive sets of rabbits at which time the experiments were 
discontinued. From a rabbit in the 6U1 set in the scries the %drus was transferred 
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Presence or absence of virus in inoculum determined in addition by other animal inoculations. 
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(intramuscularly and intraoral])^ to a parrot that sickened and died of psittacosis. 
From this bird, 2 other parrots were successfully infected b}’’ means of nasal secre- 
tions and feces respectively. 

The work described above, some of which is schematically portrayed 
in Text-fig. 1, indicates that the virus of psittacosis is capable of 
indefinite propagation b}’’ means of brain to brain inoculations in 
rabbits and guinea pigs. Furthermore, it is evident that 5 such pas- 
sages of the virus through rabbits, followed by 5 additional serial 
passages in guinea pigs, did not cause the active agent to lose its 
pathogenicity for parrots and mice. Moreover, the presence of the 
virus in rabbit’s blood, liver, and spleen, and in guinea pig’s liver and 
spleen was demonstrated. Finally, 2 strains of virus, one from a 
parrot and the other from man, affected rabbits and guinea pigs in a 
similar manner. 

Immimily 

Parrots upon recovery from an attack of psittacosis possess an active 
immunity (see first paper of this series), while mice may not (see second 
paper). It seemed important, therefore, to ascertain whether rabbits 
react to a primary infection with the virus by the development of an 
active immunity, and, if they do, to study by immunological methods 
the relation of the 2 strains of active agent (parrot and human) under 
investigation. 

Fourteen rabbits that had received different materials intraperitoneally, intra- 
cerebrally, intradermally, and intratesticularly were reinoculated intracerebrally 
at varj’ing periods of time, 23-78 da 3 's, following tlie first injections. Some of the 
primarj’ inocula contained no virus, others had tlie parrot strain, while }’et others 
carried the human strain. In each instance, the parrot strain was used for reinocu- 
lation. Of the 6 rabbits (Table I) that received no \nrus at the time of the first 
inoculation, all developed high fever and were sick following reinoculation with 
the virus. Of the S rabbits, however, that received virus in the primary inoculum, 
only 1 showed fever. This animal was first reinoculated 23 daj^s after its primary 
infection. In contrast, 65 daj-s after receiving its original dose of virus, it was 
reinoculated a second time and was found to be fuUy resistant. 

The results of the reinoculation experiments summarized in Table I 
clearly show that rabbits upon recovery from psittacosis are actively 
immune. Furthermore, it is evident that the 2 strains of virus under 
investigation are immunologically similar. 



RrvEp^ . 

at- «. “»;i.4r f “r 

ts' ‘r « - j: “-tst tr 

T - - tr ’ - -?2:t 

^^-a?rr = -tr 

“' "®»ai. <““ second pap„® are 

lior^/^^‘®«P°ned(ie ®“®asioj, 

f55£f$l5''35at"^SS^^^ 

-*ittt--aeap, “—.a 

“ninia/s «, p ^“^cept/h; 


128 


PSITTACOSIS, in 


2. Serial passages of the virus through rabbits and guinea pigs 
do not cause the active agent to lose its pathogenicity for parrots 
and mice. 

3. The chief clinical evidences of infection in rabbits and guinea pigs 
following intracranial inoculation of the virus are fever and loss of 
weight. The pathological changes are characterized by a mild 
meningo-encephalitis, and fatty degeneration, focal necrosis, and 
infarction of the liver. 

4. Rabbits upon recovery from an attack of psittacosis are actively 
immune. 

5. Two strains of virus, human and parrot, were found to be 
immunologically similar. 

6. No evidence was obtained to show that human convalescent 
serum possesses an appreciable amount of neutralizing substances. 
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EXPLANATION OF PLATE 11 

Fig. 1. Liver of a guinea pig, infected with psittacosis, showing fatty degenera- 
tion and areas of necrosis or infarction. X 1. 

Fig. 2. Liver of a rabbit, infected with psittacosis, showing areas of necrosis or 
infarction. Xl. 
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EXPERIMENTAL 

The objects of the first experiment were to determine whether mon- 
keys are susceptible to the virus of psittacosis injected intratracheally 
or intracerebrally, and to ascertain whether the virus can be propa- 
gated by serial passages in these animals. 

Experiment I 

Monkey A, May 20: Temp, before inoculation not taken. Received intratra- 
cheally 2.5 cc, of liver and spleen emulsion from mice WC17. May 22^ temp. 
103.8®, appears normal. May 23, temp. 105.4®, condition same. May 24, temp. 
104.8®. May 25, temp. 104®. May 26, temp. 105®, seems sick and eating poorly. 
X-ray of chest shows a shadow extending to left of heart and mottling of botli 
lower lobes behind tlae diaphragm. May 27, temp. 103.4®, still appears sick. 
May 2Sy temp. 102.6®, condition improved. X-ray of chest reveals an extension 
of the shadows noted on the 26tli, Animal killed with chloroform. Autopsy: 
Heart, pericardium, liver, spleen, and kidneys appear normal. Lungs: No pleu- 
risy, Both lower lobes are partially consolidated and have taken on a lilac-pink 
color. The other lobes on the right are involved in a patchy manner. The con- 
solidated lobes on section appear homogeneous, smooth, free of edema. The 
bronclii are not raised above the cut surface and contain no exudate. The hilar 
bmiph glands are enlarged and contain a few small hemorrhages. Smears from 
the lungs showed no ordinarj'- bacteria, and none of the ‘‘minute bodies’^ found in 
parrots and mice infected with psittacosis virus. Cultures, aerobic and anaerobic, 
of the lungs and liver remained sterile. Pieces of involved lung were emulsified 
and injected into 4 mice intraperitoneally and into Monkey E intratracheally. 
2 of tlie mice died 6 days after inoculation and showed t 3 ’’pical psittacosis lesions 
in the liver and spleen. Numerous “minute bodies’’ were found in smears from 
these mouse organs. The other 2 mice were sick for a number of days and finally 
died of psittacosis. 

Monkey E, May 29: Temp, before inoculation, 101.8®. X-ray of chest negative. 
Received intratracheally 4 cc. of lung emulsion from Monkey A, May 30, temp. 
102®, animal well. May 31, temp. 104®, seems sick. June 1, temp. 105®, sick. 
June 2, temp. 103.6®, sick and has diarrhea. X-ray of chest shows no ob\dous 
lesions. June 3, temp. 103®. June 4, temp. 105.8®, diarrhea persists. X-ra\^ of 
chest negative. Jitnc 5, temp. 104.4®. June 6, temp. 102.5®, animal still has 
diarrhea. X-ra>' of chest negative. Killed with chloroform and autopsied imme- 
diately. Pericardium contains 1 cc. of sticky greyish exudate; no “minute bodies” 
or bacteria found in smears; cultures sterile. Right lung bound down by fresh 
fibrinous adhesions. 3 upper lobes normal. Right lower lobe shows scattered 
subpleural hemorrhages. On section several small greyish nodules noted in the 
parcnch}ma. Hilar hmph nodes enlarged and hemorrhagic. Liver has a small 
yellowish area near the point where the round ligament emerges. Cultures from 
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the lungs and liver sterile; no “minute bodies” found in smears from these organs. 
An emulsion from the liver was injected into 4 mice, 2 of which died 9 days later. 
The other 2 died 17 and 30 days respectively after inoculation. All the mice had 
psittacosis. 

Mo?ikey B, May 20: Received in the brain 0.75 cc. of an emulsion similar to that 
given Monkey A. May 22, temp. 104°, animal sick, weak, and has diarrhea. Was 
observed during a convulsion. May 23, temp. 104.5°, weak, ataxic; severe diar- 
rhea. May 24, temp. 105°, condition worse. May 25, temp. 103.8°. Animal 
weaker and more ataxic. May 26, temp. 99°. Unconscious and having repeated 
convulsive seizures. Killed with chloroform and autopsied immediately. Lungs, 
liver, and spleen are negative. Brain injected and edematous. Cultures from 
brain and other organs sterile. Smears n^egative for the “minute bodies.” 
Stained sections of the brain showed a mild encephalitis with some degeneration of 
nerve cells. The predominant lesion was a meningeal reaction characterized by 
mononuclear infiltration. 

Monkey C, May 28: Received intracerebrally 0.75 cc. of a brain emulsion from 
Monkey B. May 29, temp. 102.8°. Animal well. May 30, temp. 102.6°. May 
31, temp. 103°. June 1, temp. 102.6°. Animal still seems well. June 2, temp. 
105°. June 3-7, temp. 104° or above. Animal definitely sick. X-ray of chest 
taken on June 4 negative. Ju7ie 8-14, temp. 102-102.6°. Monkey appears nor- 
mal again. 

The results of Experiment I detailed in the protocols above and 
portrayed in Text-fig. 1 indicate that macaques are susceptible to the 
virus of psittacosis and that the virus can be passed from monkey to 
monkey by intratracheal or by intracerebral inoculations. There are 
several points of interest, however, that should be noted. The reac- 
tions in the first monkeys of the 2 series were much more severe than 
were those in the second lot of animals. Moreover, mice inoculated 
with emulsions of Monkey A’s lung and Monkey E’s liver developed 
psittacosis, but they died more slowly than did mice inoculated with 
mouse passage virus. These facts suggest the possibility that passage 
of the virus through monkeys alters it in such a manner that transfers 
from monkey to monkey become relatively difficult. Similar condi- 
tions may hold for human beings who seem to be quite susceptible to 
the virus emanating from parrots, but relatively non-susceptible when 
e.\poscd to the disease in man. Attention should also be directed to 
the fact that monkeys receiving the virus intracerebrally developed 
no pulmonar}^ lesions. Thus, it appears that the portal of entry of the 
virus profoundlyinfluenccsits localization and the pathological changes 
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caused by it in these animals. This fact lends evidence in favor of 
the idea that the active agent enters man, in whom involvement of the 
lungs usually occurs, through the upper respiratory tract. Finally, 
the “minute bodies” found in parrots and mice infected with psitta- 
cosis virus were not seen in the lungs and brains of monkeys attacked 
by the same active agent. Yet emulsions of these organs produced 
psittacosis in mice, and smears from their livers and spleens showed 
the small bodies. Failure to find these structures in monkeys, how- 
ever, does not necessarily mean that none were present. 

Monkey experiment 1 


3 mice VC IB 

'Wiih pooled livers <SDd spicens 


\ 

Monkey A (posl 

(Intratracheal) 


With Ivng 


Monkey Z O^oa) 

(inttatr&iical^ 


With liver 

4 mice (posl) 

(latrfiipccitoncAl) 


. 4 mice (poa) 

(l ntrepcritoneal) 


Monkey B Cpoa) 

(intracerebral) 


Vith Jbrsin 

Monkey C (poa) 

(Irvtraccrcbral) 


Text-Fig. 1. Diagrammatic representation of Experiment I 


Before proceeding it seemed advisable to repeat part of the first 
experiment for confirmatory purposes. 

Experiment II 

Monhey D, May 2S: Temp. 102.4°. X-ray of chest negative (Fig. 11). May 
29, animal received intratracheally 4 cc. of pooled liver and spleen emulsion from 
mice WC"i. Ma\' 30, temp. 103.8°, seemswell. May 31, temp. 105°, eating poorly. 
June 1, temp. *104.5°, sick. June 2, temp. 104.8°, slight cough. X-ray of 
chest reveals involvement of a large part of the right lung and of the left lo%ver 
lobe (Fig. 12). Killed with chloroform and autopsied immediately. No evidence 
of pleurisy. The 4 lobes of tlie right lung and the two lower lobes of the left reveal 
a hemorrhagic, purplish consolidation spreading out from the hilum. On section, 
the surface is smooth and dry, similar to the cut surface of meat. No e.xudatc in 
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bronchi. Free, straw-colored fluid in pericardium. Liver, spleen, intestines, 
adrenals, and kidneys appear normal. In smears from the lungs and pericardial 
fluid no ^'minute bodies” were found. Cultures of lungs and liver sterile. 4 mice 
were inoculated (0.5 cc. each) intraperitoneally with a lung emulsion from Monkey 
D. All died of psittacosis; 1 on the 3rd, 1 on the 6th, 1 on the 15th, and 1 on the 
18th day respectively after inoculation. 


The results of Experiment II, shown in Text-fig. 2, confirm those 
obtained in the first experiment. Having determined that liver and 
spleen emulsions from mice infected with psittacosis cause a consolida- 

Monkey experiment 2 Monkey experiment 3 


Mouse VC a 


"With liver sptec/2 

Monkey h (poa) 
{inlralr&chcal) 


Wltlj lung 

4 mice (poa) 
(l ntraperi 1 0 n cal) 


Mouse VC 23 Normal mouse 


Vjtl: liver and. spleen 

Monkey T 

(IntraLtrachcal) 

Died 


With /fVe/j and spleen 

Monkey G (neg) 
(Intr&trAchc*!) 


Monkey experiment 4 


2 mice VIC 

I 

with pooled livens end spleens 


Monkey H (pos) Monkey I foos) Monkey J (pos) 

(Jntr&trachc&l) (intratracheal) (intratracheal) • 

Text-Fig, 2. Diagrammatic representation of Experiments II, III, and IV 


tion of the lungs, we decided to see what effect similar emulsions from 
normal mice would have. This was undertaken in Experiment III. 

Experimcnl III 

^lonkey F received intratrachcally 2.5 cc. of an emulsion of pooled livers and 
spleens from psittacosis mice WCsst "’hile Monkey G received in a similar manner 
2,5 cc. of an emulsion of pooled livers and spleens from normal mice. 

Monkey F, June 2: Temp. 101.6°, X-ray of chest negative. June J, dale of 
inoculation. June 4, temp. 106.2°, seems well. June 5, temp. 105.2°, stools 
loose. June 4, temp. 104.6°, sick, has cough. X-ray of chest shows extensive 
shadows in both lower lobes behind the dome of the diaphragm and also in the 
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right middle and upper lobes. Jwtc 7, temp. 104°, considerable difficulty in breath- 
ing. X-ray indicates that the middle lobe on the left side is also involved. June 
S, temp. 104.8°, very sick, does not eat, has difficulty in breathing, stools loose. 
June P, temp. 102.2°, X-ray shows large shadows throughout the right side with 
extension of the pneumonia in left lower and middle lobes; the left upper only re- 
mains clear. Shortly after the X-ray was taken the monkey died and was autop- 
sied immediately. Lungs: No pleurisy; many subpleural hemorrhages. Right: 
The upper lobe with the exception of the edges is completely consolidated. The 
two middle lobes are less completely involved, the edges being quite free. The 
lower lobe is almost completely consolidated. Left: Upper and middle lobes are 
onl}^ slightly involved. Lower lobe is almost completely consolidated, edges alone 
remaining free. On section the consolidated lobes do not have the appearance 
usually seen in ordinary lobar pneumonia. They are not granular, have a meaty 
appearance with slight peribronchial areas of pallor. No exudate is noted in the 
bronchi. Heart: 3 or 4 cc, of clear straw-colored fluid in pericardium. Liver: 
Enlarged, edges rounded. Near where the round ligament emerges tliere appears 
to be a small infarct. The liver has a peculiar appearance suggesting widespread 
fatty degeneration with areas of necrosis. Spleen: Pulp very soft. Adrenals and 
kidneys appear normal. Cultures of the lungs, liver, and pericardial fluid sterile. 
Smears for the ‘‘minute bodies” negative. 

Monkey G was treated in a manner similar to that in which F was handled, with 
the exception that an emulsion of normal spleens and livers was used as an inocu- 
lum. The animal evidenced no signs of illness, never had any fever, and 4 X-rays 
of the chest revealed no areas of consolidation. 

The results of the above experiment (Text-fig. 2) indicate that an 
emulsion of livers and spleens from normal mice introduced intratra- 
cheally does not produce a pneumonia in monke 3 ’’S. In the next 
experiment, No. IV, 3 monkeys received intratracheally psittacosis 
virus in an emulsion (2 cc. to each animal) of pooled livers and spleens 
from mice WC 24 . The animals, having been watched and examined 
frequently by means of the X-raj^ were killed 2, 6, and 13 days respec- 
tively after inoculation. In this wa}^ lungs were obtained during 
different stages of the disease in order to study the evolution of the 
pathological process. 


Experiment IV 

Monkey 77, June 3: Temp. 103.5°. X-ray of chest negative. June 5, temp. 
103.2°. June 6, temp. 102.4°. Jime 7, date of intratracheal inoculation. June 
€?, temp. 105.3°, diarrhea. June P, temp. 104.8°, diarrhea persists. X-ray of chest 
shows extensive mottling of right lower lobe with smaller shadows in the left lower. 
There is evidence of spreading of the infection along the bronchial tree into the 



T. M. RIVERS AND G. P. BERRY 


135 


upper and middle lobes (Fig. 1). Animal killed with chloroform and autopsied 
immediately. Pericardium, heart, spleen, kidneys, and adrenals seem to be nor« 
mal. A small whitish area in the edge of one lobe of liver near the round ligament. 
Limgs show lesions spreading out from the hilum along the bronchial tree into all 
the lobes. The involved portions are purplish pink, only partially consolidated, 
but sharply demarcated from the surrounding normal lung tissue. Cultures of the 
limgs sterile. 

Monkey 7, Jime J: Temp. 102.5^. X>ray of chest negative (Fig, 5). June 5, 
temp. 103°. June (f, temp. 102.4°. June 7, date of intratracheal inoculation, 
June <?, temp. 105°, eating poorly. June P, temp. 103.5°, sick and weak. X-ray 
shows small shadows in both lower lobes near the hilum (Fig. 6). June 10, temp. 
103.2°, condition unchanged. X-ray: Shadows in both lower lobes have extended 
toward the periphery. The 2 middle lobes and possibly the upper on the right 
side are consolidated near the hilum. June 11, temp. 104.4°, condition worse. 
X-ray: The areas of consolidation have increased in size and the shadows are more 
intense. June 12, temp. 104.8°, condition worse. X-ray: Shadows indicate that 
the areas of consolidation have almost reached the periphery (Fig. 7). Jujte 13, 
temp. 103.5°. X-ray shows no change. June 14, temp. 105°, still quite sick and 
has lost weight. Jtaie l5', temp. 104.2°. June 16, temp. 103.4°, better and eating 
a small amount of food. X-ray: Some clearing of the shadows at the periphery of 
the lesions (Fig. 8). June 18, temp. 100.8°, much better. X-ray: Marked clear- 
ing of the shadows (Fig. 9). June 20, temp. 102.4°, animal seems almost normal 
again. X-ray : A few irregular shadows persist near the hilum (Fig. 10) . Monkey 
killed and autopsied immediately. Heart and pericardium normal. Both pleural 
cavities clear. Lungs: The upper and 2 middle lobes on the right bound to each 
other by loose adhesions. Only slight changes near the hilum are noted in the 
upper and one of the middle lobes, while in the other middle and lower lobes quite 
firm areas are still detected near the hilum around the vessels and bronchi. On 
the left side, the upper lobe is normal, while near the hilum areas of consolidation 
in the middle and lower lobes still exist. These are less extensive than are those 
in the right lower. On section the involved lobes exhibit air-containing alveoli 
around the periphery, while in the central portions along the bronchi and vessels a 
yellowish gray semiconsolidated tissue, dr>" and relatively smooth appearing, is 
found. Hilar hnuph glands not greatly enlarged. Liver shows fatty degenera- 
tion. Kidneys and spleen normal in appearance. Hemorrhage in medulla of 
right adrenal gland. Cultures of lungs: One remained sterile, the other showed a 
few indifferent streptococci. 

Monkey J, June 5: Temp. 104.3°. X-ray of chest negative. June 7, date of 
intratracheal inoculation. June 8, temp. 105°, seems well. June 9, temp. 104.5°, 
condition unchanged. X-ray: Shadows in botli lov.'cr lobes near the hilum. June 
10, temp. 104.2°, sick, weak, not eating. X-ray: All lobes on the right seem to be 
involved near the hilum; extension of shadow in left lower lobe. June 11, temp. 
105.6°, worse. X-ray: Increase of shadows on both sides, but left upper and 
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middle lobes still relatively clear. Jmic 12, temp. 104.6°, condition same. X-ray: 
No change in shadows. Jwie 13, temp. 103.2°, animal still very sick and has 
diflkulty in breathing. X-ra}'': The right lung is almost completel}'- consolidated, 
the left upper and middle lobes remain relativel}'’ clear (Fig. 4). Animal killed 
with chloroform and autopsied inunediately. The lobes on the right side, bound 
to each other and to the chest wall b}'- a sticky mucoid fibrinous exudate, are com- 
pletely consolidated with the exception of the peripheral portions. Slight amount 
of pleurisy on the left side with extensive consolidation of the lower lobe; the other 
2 lobes relatively free. On section the color and consistency’’ of tlie lungs similar 
to that described in other monkeys. Hilar lymph glands enlarged. Heart en- 
larged. In the pericardial sac are 1 or 2 cc. of sticky’’, whitish exudate. Liver 
shows a small area of necrosis near the round ligament. The intestines, spleen, 
kidneys, adrenal glands, and brain appear normal. In the different exudate and 
organs, no bacteria or ^'minute bodies*' were found, and cultures from them re- 
mained sterile. 

In Experiment IV, by means of X-ray examinations that were con- 
firmed by autopsy findings, it was possible to follow the spread of the 
consolidation from the hilum towards the periphery and to see it re- 
gress in the reverse order. The course of events, shown by this set of 
photographs to occur in monkeys infected with psittacosis virus, paral- 
lels that observed in the lungs of man infected with the same active 
agent (1). Having demonstrated conclusively that a pneumonia in 
monkeys regularly follows the intratracheal inoculation of psittacosis 
virus, we considered it essential to ascertain, Experiment V, whether 
a pulmonary^ infection occurs when the inciting agent is instilled 
intranasally. 

Expcrmcnt V 

Into the noses of I^Ionkey’s K and L respectively, were instilled 1.5 cc. of an 
emulsion of pooled livers and spleens from psittacosis mice WCos- 

Monkey K, June 10\ Temp. 101.6°, X-ray' of chest negative (Fig. 2). June 
i/, date of intranasal inoculation. June 12, temp. 102.8°. June 13, temp. 105.4°, 
animal well. X-ray: Chest still dear. June 14, temp. 105°. X-ray^: Beginning 
shadow at hilum on the right side, and slight mottling of right lower lobe. June 
I5, temp. 105.6°, eating poorly”, slight diarrhea. June 16, temp. 105°, less diarrhea. 
X-ray: Shadow at hilum has increased and is spreading in a manner similar to 
that obscr\-cd in man (Fig. 3). June 17, temp. 104.2°, animal does not appear very” 
sick. X-ray shadows more intense. June 1<S, temp. 104.6°, condition same. 
X-ray shadows unchanged. Animal killed with chloroform and autopsied im- 
mediately. AH organs appear normal with the exception of the right lung. In 
the lower portion of the upper lobe and at the top of the lower lobe are areas of 
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of an emulsion of livers and spleens from normal mice; Monkey L liad 
had virus instilled in the nose 12 days previously without any evidence 
of infection. Each animal was reinoculated intratracheally with 1 cc. 
of mouse virus, and all responded with a moderately severe pneumonia 
that was verified by X-ray examinations and autopsies. Monkey C 
was the only animal in the group that had previously evidenced signs 
of infection due to psittacosis virus. Consequently, it was the only 
one that might have been expected to show an immunity to reinfection. 
It did not, however. Whether this lack of immunity was due to the 
type of the first infection (intracerebral), whether 26 days between the 
first and second inoculations was too short a period of time for a de- 
monstrable immunity to appear, or whether monkeys do not develop a 
solid immunity against psittacosis virus are questions that cannot be 
answered at present. 


Microscopic Pathology 

In the three preceding papers the pathological changes induced by 
psittacosis virus in parrots, mice, rabbits, and guinea pigs were de- 
scribed. Significant lesions, however, were not found in the lungs of 
these animals. Moreover, pulmonary lesions experimentally induced 
by the action of the virus in such hosts have been described by only a 
few workers, and in each instance the picture presented leaves one in 
doubt as to whether or not the morbid changes were caused by the 
active agent under discussion. In the present communication, the 
clinical and gross pathological pictures of psittacosis pneumonia in 
monkeys have been recorded. It now remains to describe the micro- 
scopic pathology of the pulmonary changes. Inasmuch as the ani- 
mals were sacrificed after different intervals of time (2-13 days) had 
elapsed following inoculation, an excellent opportunity for a study of 
all stages of the morbid conditions in the lungs was presented. There- 
fore, the monkeys will be discussed in the order in which they were 
killed. There is, however, at least one fallac}’’ in this mode of presen- 
tation, viz., after an infection in the lungs has been under way for 
several days, early and advanced lesions may be found in the same 
animal. This fact must_be borne in mind. 

Tu‘0 Days after Inoculation. — Monhey II. Examination of sections of wliole 
lobes reveals that ,thc consolidation first appears around the vessels and bronchi 
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near the Hlum. Extending from the small areas of consolidation the walls of the 
alveoli (Fig. 15) are thickened and edematous, and show evidence of cellular in- 
filtration. Study of many such sections leads one to suspect that the infection 
spreads along the alveolar walls. In many areas these structures are engorged 
with blood and contain a few polymorphonuclear cells (Fig. 16). In other places 
they are thickened by the swelling of alveolar cells and the infiltration of mono- 
nuclear elements (Fig. 17). Serous exudate (Fig. 16), fibrin, and desquamated 
cells are seen in many alveoli, while in definitely consolidated areas some of the 
alveolar spaces are filled with cells predominantly of the polymorphonuclear type 
(Fig. 18). 

Four Days after Inoculation, — Monkey D, Sections of entire lobes again show 
that the consolidation begins near the hilum and spreads peripherally. In Fig. 20, 
the alveoli near the pleura are distended with serous exudate in which are embedded 
a few cells. In more centrally located areas, the number of cells in the exudate 
increases, and the alveolar walls are thickened (Fig. 21). As the hilum is ap- 
proached, completely consolidated lung is encountered, in which some of the alve- 
olar walls appear necrotic and the alveolar spaces are filled with a mixture of 
polymorphonuclear and large mononuclear cells (Fig, 22), while other areas reveal 
thickened alveolar walls and alveoli distended entirely by mononuclear cells (Fig. 
24). Small hemorrhages and masses of fibrin are scattered throughout the in- 
volved portions of the lung. The origin of the mononuclear cells — there seems to 
be more than one kind present (Fig. 23) — in the exudate is not definitely known. 

Six Days after Inoculation. — Monkeys F and J, The pictures presented by 
these monkeys are similar to those found in sections of Monkey D. Some differ- 
ences, however, may be noted, for example, the infrequency of polymorphonuclear 
ceUs, and the appearance in the alveolar walls in certain places of giant cells and 
mitotic figures. 

Seven Days after Inoculation , — Monkeys K and L, At this stage of the infection, 
practically no polymorphonuclear cells are found, hemorrhages are rarely seen, 
fibrin and serous exudates are still present in places, and a distinct perivascular 
cuffing with mononuclear cells, many of which are distended with pigmented 
granules, has made its appearance. This phenomenon of cuffing is noted in ear- 
lier monkeys but not to such an extent as in F and J and the otliers to follow. 
Evidences of cellular proliferation in the alveolar walls arc pronounced and in 
many places it is difficult to distinguish these structures from the exudate or ccUs 
in the alveolar spaces (Fig. 19 — ^lonkey K. inoculated mtranasa%). 

Eight Days after Inoculation. — Monkey A. This animal was killed on the 8th 
day after inoculation, the 1st day that an improvement in its condition w’as noted. 
An attempt to describe the microscopic pathology observed in the lungs will not be 
made, since no description can equal the pictures presented in Figs. 25, 26, and 27, 
an examination of which will show the condition of the alveolar walls and the con- 
tents of the alveolar spaces, and justif}’ the conclusion that the pathological 
changes present arc not those usually encountered in lobar pneumonia of man and 
monkeys. 
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Ten and Twelve Days after Inoculation. — Monkeys C and G. Clinicallj’- these 
animals were recovering from their pneumonia. Examination of the sections 
reveal evidences of resolution that will be discussed in connection with the next 
animal (Monkey I). 

Thirteen Days after Inoculation. — Monkey I. This animal was killed 13 days after 
inoculation, 4 days after it began to show clinical evidences of improvement, and 
at a time when the X-ray photographs had almost returned to normal (Figs. 5-10). 
Grossly the lungs reveal more evidences of consolidation than had been expected 
from the X-ray pictures. Examinations of stained sections of whole lobes con- 
firm the macroscopic pathology. Areas of dense tissue (Fig. 28) in which it is 
difiicult to distinguish alveolar walls from alveolar contents are seen. Such areas 
are separated from eacli other by large air-containing spaces or distended alveoli 
(Fig. 29). A superficial examination of sections stained with eosin methylene blue 
suggests that a great deal of organization is taking place; but by the use of Mallory’s 
aniline blue and orange G stain (Figs. 29 and 30) it becomes evident that onl}' a 
slight amount of connective tissue is being laid down and that the alveoli are filled 
with large mononuclear cells. It is also obvious that resolution is occurring from 
the peripher}’^ towards the hilum. Consequently, the most marked involvement 
of the tissues is still found around the large bronchi and vessels near the hilum. 
Perivascular cuffing, in which lymphocytes are numerous, is conspicuous. 

“Minute Bodies.” — In stained sections of the consolidated lungs from monkeys, 
the “minute bodies” found in livers, spleens, etc., of parrots and mice infected with 
the virus of psittacosis were searched for diligently. None were seen. Failure to 
find them, however, does not necessarily indicate that they were not present in 
small numbers. Many cells in the aveoli, alveolar walls, and perivascular cuffs 
contained granules of different sizes and nature. None of these however, resem- 
bled the “minute bodies.” 

Psittacosis Pneumonia- in Rabbits 

After we recognized the fact that intracerebral inoculations of the 
virus do not induce pneumonia in monkeys, while intratracheal and 
intranasal injections of the same agent do, we decided, in spite of our 
previous negative results with intracerebral methods, to infect some 
rabbits intratracheally in order to ascertain whether a pneumonia can 
be produced in these animals by such a procedure. 

2 groups of rabbits were used. One set of animals received intratracheally 1 cc. 
each of an emulsion of livers and spleens from mice infected with psittacosis virus, 
the rabbits of the otlier group were similarly inoculated with an emulsion of livers 
and spleens from normal mice. The animals that received the infectious material 
developed fever. Some of them died, while others were sacrificed at different in- 
ter\'als for bacteriological and pathological studies. Cultures of the lungs for the 
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presence of aerobic and anaerobic bacteria remained sterile. Macroscopically and 
microscopically the lungs showed a pneumonia similar to that observed in monkeys 
2“4 days after intratracheal injections of the virus. The rabbits that received the 
emulsions of normal livers and spleens had no fever and, when they were sacrificed 
for examination of their lungs, revealed no pneumonia. 

From the results of the above experiment it is obvious that rabbits 
develop pulmonary lesions following intratracheal injections of psitta- 
cosis virus. Experiments reported in the third paper of this series, 
however, show conclusively that such lesions do not occur, or only 
rarely, when the infectious agent is placed intracerebrally. 

DISCUSSION 

The evidence — clinical findings, X-ray photographs, gross and mi- 
croscopic pathology, and bacteriological observations — j ustifies the con- 
clusion that emulsions of livers and spleens from psittacosis-infected 
mice injected intratracheally or instilled intranasally in monkeys 
are capable of producing a pneumonia unassociated with ordinary 
bacteria. Moreover, such a pneumonia is similar to, if not entirely 
identical with that observed in man (l‘-4) infected with the virus of 
psittacosis. Furthermore, the experimental study of the disease in 
monkeys offers opportunities for observation that cannot be made in 
man, because the animals can be sacrificed at any time during the 
course of the malady and in them pictures uncomplicated by secondary 
bacterial invasion are the rule rather than the exception. 

The pneumonia occurring in monkeys under experimental conditions 
begins around the large bronchi and vessels near the hilum and ap- 
parently spreads towards the periphery along the alveolar walls. 
Resolution occurs in the reverse order. The pleura is rarely involved. 
Many of the evidences of pulmonary involvement — vascular engorge- 
ment, cellular infiltration, necrosis of alveolar walls, hemorrhage, 
serous exudation, fibrin deposition, desquamation of alveolar epithe- 
lium, distention of alveoli by pol 3 Tnorphonuclear and mononuclear 
cells observ’^ed in the psittacosis-infected lungs have been described in 
other infectious processes of this organ. Yet the peculiar combination 
of these pathological processes in lungs infected with psittacosis virus 
immediatcl}' distinguishes the reaction from ordinary pneumonias and 
from ordinary’ bacterial infections of the lungs. 
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From the evidence presented in the three preceding papers it is 
obvious (1) that parrots, regardless of the portal of entry of the incit- 
ing agent, rarely, if ever, develop a pneumonia as a result of an infec- 
tion with the virus of psittacosis, (2) that rabbits and guinea pigs do 
not have an involvement of the lungs when inoculated intracerebrally,' 
intradermally, or intraperitoneally, (3) that mice inoculated intra- 
cerebrally or intraperitoneally remain free from pulmonary lesions. 
Furthermore, in the present paper it has been shown that monkeys 
receiving the virus in the brain, although they become infected, de- 
velop no pneumonia. Opposed to such observations are those whereby 
it has been demonstrated that rabbits and monkeys, the former in- 
oculated intratracheally, the latter infected either intratracheally or 
intranasally, exhibit pulmonary lesions. From these observations one 
is justified in surmising that psittacosis pneumonia in man probably 
results from the entry of the virus through the upper respiratory tract. 
Moreover, the results of the work reported in the first and second pa- 
pers of this series indicate that the source of the virus in parrots and in 
man is the nasal and oral secretions and feces of the former and sputum 
of the latter. Thus in the case of man, a fair conception concerning 
the source of the infection and the portal of entry of the virus has been 
obtained. Consequently the precautions necessary for prevention of 
the infection are obvious. Despite them it is difficult, nevertheless, 
to prevent the spread of the disease from parrots to human beings, as 
witnessed by laboratory infections occurring under good conditions. 
Spread of the malady from man to man occurs infrequently, however. 
Certain possible reasons, such as amount of inoculum encountered or 
alteration in the virulence of the virus in the human host, may account 
for the apparent difference in the contagiousness of the disease. 

CONCLUSIONS 

The virus of psittacosis inoculated intratracheally or intranasally in 
monkeys produces a pneumonia similar to that caused by the same 
active agent in man. 

Intracerebral inoculation of the virus induces a meningo-enceph- 
alitis characterized principally by a mononuclear reaction in the 
meninges. 

Indirect evidence has been adduced to show that the portal of entrj' 
of the virus in man is the upper respiratory tract. 



1 V * 

■ ,4 

"■' a« Go ’ “■ "“■' ■'• ■^'». ^ 

'*• Simpson, s. fflOier.’V'/-' ^•"M, 1930 j 4. 

^^PLat^a^ ' ‘^^‘^■'•’ ^o. ej r 

exfensiVe m 2 davc ^2 

side. ■ ' of rh ^ ^^°^obial 

V. ^^y^ Posfm ^ ‘^^est bpf„^ . jjjto 

”S^i tniif 

ft "''■''»"s"^*”S'“”s»mo,oi 

‘'«'"'Sppr''^«'''«aac ■« '■‘"“'S ‘"'''•»=r,oto.“'“W,V 

Jig. ^ . 


serf ^ n 

' Se ed^J ;noc ^ 

“'“■c-p/nt c„C*“',''>S« aro'n”™*’® "''a.ls », 
/u»ft '• '“"^'-'.-o;, 

“"--vios. ":';'7vosso,, 

■ ■^°^'nand 



144 


PSITTACOSIS. IV 


Fig. 17. Monkey H, 2 days postinoculation. In this part of the consolidated 
lung, polymorphonuclear leucocytes are absent. Compare with Fig. 18. X 450. 
Eosin and methylene blue. 

Fig. 18. Monkey H, 2 days postinoculation. Polymorphonuclear leucoc^^tes 
are abundant in this portion of the involved lung. Compare with Fig. 17. X 450. 
Eosin and methylene blue. 

Fig. 19. Monkey K, 7 dajrs postinoculation (intranasal). Note the thick alve- 
olar walls and the large mononuclear cells in the alveoh. Pol 3 TOorphonuclear 
cells are absent. X 450. Eosin and meth 3 dene blue. 

Plate 15 

Fig. 20. Monkey D, 4 days postinoculation. Section reveals different stages in 
tlie process of consolidation. The portion of the tissue least involved is near the 
periphery of the lobe. X 125. Eosin and meth 3 dene blue. 

Fig. 22. Monke 3 " D, 4 days postinoculation. Alveolar walls are necrotic. Fi- 
brin and many polymorphonuclear cells are present. X 450. Eosin and methyl- 
ene blue. 

Figs. 21, 23, 24. Monke 3 " D, 4 days postinoculation. The alveolar walls are 
thickened and the alveoli contain desquamated epithelial cells together with otlier 
types of mononuclear elements. Ver 3 '' few polymorphonuclear leucoc 3 "tes are 
seen. X 450. Eosin and meth 3 dene blue. 

Plate 16 

Fig. 25. Monkey A, 8 da 3 ^s postinoculation. The alveolar walls are greatly 
thickened by cellular proliferation and infiltration. The cells lining the alveoli are 
swollen and some are seen free in the sacs. X 450. Eosin and meth 3 dcne blue. 

Fig. 26. Monkey A, 8 days postinoculation. The alveolar spaces contain 
various kinds of mononuclear cells. X 450. Eosin and meth3dene blue. 

Fig. 27. Monke 3 '' A, 8 days postinoculation. It is difficult to distinguish the 
tliickened alveolar walls from tlie cellular contents of the alveoli. X 450. Eosin 
and meth34ene blue. 


Plate 17 

Fig, 28. Monke 3 " I, 13 da 3 "s postinoculation. At the time the monke3’' was 
sacrificed, resolution was progressing rapidl3\ Yet the section seems to indicate 
that organization had occurred. Compare with Figs. 29 and 30. X 450. Giemsa. 

Fig. 29. Monkc3’' I, 13 da 3 "s postinoculation. Section showing resolving pneu- 
monia. Man 3 ' alveoli are greatlv" distended with air, while others still contain 
exudate, X 125. Aniline blue and orange G. 

Fig. 30. IMonkey I, 13 da 3 ’s postinoculation. The aniline blue and orange G 
stain clearh' indicates that ver}* little new connective tissue has been laid down. 
Compare with Figs. 28 and 29. X 450. 
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NUTRITIONAL MUSCULAR DYSTROPHY IN THE GUINEA ^ 
PIG AND RABBITi'2-» 

By MARIANNE GOETTSCH and .ALWIN M. PAPPENHEIMER, M.B. 

{From the Departments of Biological Chemistry and Pathology y College of Physicians 
and Surgeons, Cohmbia University, New York) 

Plates 18 and 19 

(Received for publication, April 2, 1931) 

In the course of experiments planned to study the relationship be- 
tween vitamin E and reproduction in the guinea pig, it was discovered 
that the animals did not survive long enough on the chosen diet for 
breeding experiments to be carried out, and that they developed an 
extreme degeneration of the voluntary muscles without obvious lesions 
in the other organs. The diet was one composed of natural foods, in 
which the vitamin E had been destroyed by treatment with ethereal 
ferric chloride, according to the method of Waddell and Steenbock 
(1). However, it was later found that the addition of vitamin E to 
the ration did not prevent the lesions; nor was the ethereal ferric 
chloride treatment necessary for their production. Although the 
factor responsible for the muscular dystrophy has not yet been de- 
termined, we have. been able to eliminate known causes of degenera- 
tion of muscle fibers, such as starvation, infection, and scurvy. A 
similar disorder was readily induced in rabbits by the use of the same 
diets, but rats appeared to be insusceptible. 

While comparable lesions have been described as accompanying 
other disorders, a generalized and apparently primary degeneration of 
the entire voluntary muscular tissue has not hitherto been produced 
by dietary means. 

' Some of the data in this paper are taken from a dissertation submitted by 
hfarianne Goettsch in partial fulfilment of the requirement for the degree of Doc- 
tor of Philosophy, Columbia University, 1930, 

‘ This work was aided by the Research Grant from the Chemical Foundation to 
the Department of Biological Chemistr}*. 

* A prcliminaiy report was presented at the March, 1930, Meeting of the Society 
for Experimental Biolog>’ and Medicine. 
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Preparation of the Diet 

The diet was prepared as follows: 


Diet 13 

Rolled oats (Quaker) 355 parts 

Wheat bran (Pillsbury) 180 

Casein (Merck technical) 75 

Lard 80 

Cod liver oil (Mead, Johnson) 10 

NaCl 10 

CaCOs 15 

10 gm. of ferric chloride, u.s.p. lump, was taken up in about 125 cc. of ether and 
a little water, and the solution poured over the above ingredients. The mass was 
shaken in a closed container and allowed to stand for about half an hour. The 
contents were emptied upon a tray and the ether allowed to evaporate, usually 
overnight. Finally there was added: 

Skimmed milk powder (MerreU-Soule) — 275 parts. 

Diet 11 was similar to Diet 13 except that the treatment with ethereal ferric 
chloride was omitted. The diets were freshly prepared every 2 to 3 days and 
were always consumed witliin 7 ‘days. Diet 13 possessed an acrid odor as described 
by Waddell and Steenbock (1) in their vitamin E-deficient diet. 

Each guinea pig was given daily b}'’ pipette 3 or 6 cc. of orange juice. 

Diet 13 was calculated to contain 3.7 per cent of roughage, to have a nutritive 
ratio of 1 :3.6, with two-thirds of the proteins supplied b}’’ milk products, and a 
calcium-phosphorus ratio of 1.62 1 1. Vitamins A and D were supplied by the cod 
liver oil, B and G by the grain and milk products, and C by the orange juice. The 
vitamin E content was purposely reduced to a minimum. The description of 
control experiments with Diet 13 carried out upon rats will follow in a later section 
of the paper. 


Effect of Diet 13 upon Guinea Pigs 

Guinea pigs that had been born in the laboratory were used in the 
present experiments, and upon weaning at 21 days, they were given 
Diet 13 with lettuce ad lib. and orange juice. After about 10 days, 
when they had become more or less accustomed to the new diet, the 
greens were discontinued. Other groups of guinea pigs were given 
either Diet 11, or a stock diet of oats, bran, and greens. 

The rate of growth for the first month or two was good for all 
groups. After the animals had attained a weight of about 400 gm., 
there was a sudden cessation in the growth of the animals on Diet 13; 
this was accompanied by general flabbiness, and it was observed that 
the guinea pigs had difficulty in righting themselves if they were placed 
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tail. This guinea pig lived for 186 days on Diet 13. Estrus, indicated 
by the letter E, is seen to have occurred regularly at the normal in- 
tervals of 16 to 18 days, (Stockard and Papanicolaou (3)) even when 
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the animal had begun to show definite symptoms. The estrous 
rhythm was generally normal in the guinea pigs on Diet 13 as well as 
on Diet 11. Further studies upon reproduction were impossible on 
account oi the early death of the animals. Males reared on Diet 13 
showed, at autopsy, normal-looking motile sperm in smears from the 
epididymis, although one had been on the diet as long as 218 days. 

Pathological Changes 

Gross Appearances . — While most of the animals were killed and 
autopsied when apparently on the point of death, a few were sacrificed 
before the cessation of growth. Of the 30 experimental guinea pigs, 
all but three showed striking macroscopic changes in the skeletal 
muscles. The muscles of the thigh and abdomen were particularly 
abnormal, although the muscles of the back and the extremities, the 
diaphragm, and the intercostal muscles were involved. They were 
atrophied, pale, with a yellowish or yellowish brown color, and less 
translucent than those of the controls. Sometimes they appeared 
gritty and streaked as though calcified or infiltrated with fat. In 
addition to their abnormal appearance, the muscles had lost their 
irritability to mechanical stimulation and failed to contract when 
severed. 

In contrast to the wasting of the skeletal muscles, the subcutaneous 
adipose tissue and that within the peritoneal cavity were often strik- 
ingly abundant, an indication that the fall in weight was at the ex- 
pense of the muscle rather than of the fat. No gross changes of 
significance were noted in the internal organs. The heart was normal. 
The lungs in some animals showed areas of pneumonic consolidation, 
in others were well aerated and of normal appearance. The liver in 
the majority of animals showed fat infiltration. The spleen was 
small, firm, and bro\vnish. The kidneys, adrenals, genitalia, and 
gastrointestinal tract were normal. 

Microscopic Lesions . — The pathological changes of significance 
were restricted to the striated skeletal muscles of the trunk and ex- 
tremities, in which the lesions were profound, widespread, and charac- 
teristic. In guinea pigs, practically every voluntary’’ muscle, including 
the diaphragm, was affected to a var^dng degree with the exception of 
the masseter and tongue muscles, which preser\’’ed their integrity to 
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the end. The muscles examined as routine were the quadriceps 
femoris, the adductors of the thigh, the pectorals, the abdominal 
muscles, the diaphragm, and the masseter. At various times, blocks 
were taken from many other muscles as well. 

The histological changes depend somewhat upon the stage of the disease, but 
the essential and primary lesion is a coagulative necrosis of the muscle fiber, pre- 
senting the familiar picture of waxy, h 3 ^aline,' or Zenker's degeneration (Fig. 1). 
This is followed by reactive cellular multiplication with attempts at regeneration. 
Many of the necrotic fibers become resorbed and their place taken b}^ fat and 
connective tissue. The late stages, as will be shown, resemble closely the changes 
seen in progressive muscular dystrophy of man. 

While all the muscles examined showed these degenerative lesions to a greater or 
lesser degree, the muscles were not always uniformly affected, certain bundles 
being but slightly involved, while in others almost 100 per cent of the fibers were 
necrotic. 

The earliest change in the fiber is shown in the appearance of transverse ridges 
or contraction bands, in which the striations are brough more closely together. 
The discs become disarranged and lose their individual identity to fuse into a 
swollen hyaline mass. Fibers cut in their long axis may show a succession of more 
or less globular hyaline masses (Fig. 1), between which the sarcolemma is collapsed, 
containing only granular detritus. The sarcolemma nuclei are displaced and 
distorted, and tend to become oriented at right angles to the long axis of tlie fiber; 
subsequently they undergo karyorrhexis and ma}’’ disappear completely. 

Preparations from many of the animals were obtained in this stage, before any 
marked cellular reaction had occurred. In most instances, however, side by side 
with the necrobiotic changes, there was found an active multiplication of cellular 
elements with numerous mitoses. The cells have deeply staining oval nuclei, 
and a rather small amount of purplish cytoplasm. They lie in clefts in the coagu- 
lated and necrotic muscle substance, and m^y completel}'’ fill the original sarco- 
lemma sheath. The c^dindrical columns of closel}'’ packed cells constitute the 
^^Muskclzcllciischlaiichc^* of Waldeyer (Fig. 2). The origin of these cells, whether 
from invading histiocytes or from the division of the uninjured muscle nuclei with 
their surrounding sarcoplasm, has been often discussed. Reference may be made 
to tlie excellent studies of Forbus (4), who by means of preliminar}" vital staining, 
was able to distinguish the invading phagocytic histioc 3 ''tes, which aid presumabbv 
in the removal of the necrotic material, from the proliferating muscle nuclei, which 
are concerned in the regeneration of new fibers. 

It has seemed to us that the majorit 3 " of the mononuclear cells making up the 
^^Mvskchellaisclilaiichc'^ were derivatives of the muscle cells themselves, although 
we have occasionally observed the invasion of the dead fibers by polymorphonu- 
clear leucocytes (Fig. 3). Many of them, as Forbus and others have pointed out, 
undergo subsequent degeneration, but others assume a spindle shape, align them- 
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of the section was a single muscle cell column. On the 75th day, at which time 
the decline in weight had begun and distinct symptoms of muscular weakness had 
become manifest, another muscle specimen was excised from the left adductor. 
The lesions were now marked: there were numerous necrotic fibers and much cell 
proliferation. 

The animal died on the following day, and was found to have most intense 
lesions of all the muscles examined. 

In this animal, therefore, there is evidence that the alterations in the muscle 
lesions occurred only during the last 2 weeks of life. 

In several other animals, the progress of the disease was followed by removing 
pieces of muscle for microscopic study at various times after beginning the experi- 
mental diet. The rather abrupt onset of the muscle lesions was again noted. 
Thus in Guinea Pig 107, specimens obtained on the 36th and 49th days showed no 
lesions. On the 65th day, there were occasional necrotic fibers, with moderate 
multiplication of the muscle nuclei. On the 78th day, the lesions were very 
marked. There were numerous necrotic and segmented fibers, and great prolifera- 
tion of the muscle nuclei. The animal died on the 108th day and showed advanced 
changes, with much fibrous and fatty replacement of the degenerating muscles. 

Microscopic Changes in Other Organs and Tissties . — The myocardium 
was unaltered. The lungs, in a large proportion of the guinea pigs 
and rabbits were the seat of a bronchopneumonia of varying extent, 
often associated with areas of atelectasis. In a number of the animals, 
the lungs were normal. The liver frequently exhibited a moderate 
degree of fat infiltration. The spleen was small and brownish; it con- 
tained hemosiderin deposits in the pulp in definitely increased amount. 

None of the other viscera, including pancreas, adrenals, kidneys, 
gonads showed changes to which any importance could be attached. 
As might be anticipated, the deficiency in vitamin E did not inhibit 
spermatogenesis, the duration of the survival period being too short 
for this. 


Summary 

A general oversight of our material is given in Table I. Of thirty 
guinea pigs on Diet 13, eight were not studied microscopically; how- 
ever, sLx of these presented the symptoms and gross changes which 
were later recognized as characteristic and the remaining two mani- 
fested symptoms, but no gross lesions %vere noted. The remaining 
twenty-two showed characteristic microscopic changes. 
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were small, extremel}^ pale, and without irritability. Five older rabbits, weighing 
from 385 to 730 gm., were also given Diet 13 with orange juice. They survived for 
a longer time, but after 24 to 50 days became prostrated and upon autopsy 
showed marked macroscopic changes in the voluntary muscles. The other 
organs apparently were normal. 

The muscle lesions in rabbits are essentially the same as those in 
guinea pigs. They are in general more rapid in their development; 
extreme lesions have been noted as early as 15 days after the institution 
of the diet. The masseter shares in the general muscular degenera- 
tion, and there is greater tendency for the necrotic fibers to become 

TABLE II 


Showing the Effect of Diet 13 upon Rabbits 


Kabbit 

Weight at 
beginning of 
experiment 

Days on 

Extent of muscle lesion 

Lung 

Remarks 

diet 

Gross 

Microscopic 

infection 

i 

9 1 

335 

14 

+++ 

++++ 

+ 

Moribund, killed 

9 3 

340 

16 

+++ 

++++ 

+ 

! U U 

4 

450 

5 

Normal 

+ 

Normal 

Died 

5 

425 

24 

+-1- 

+++ 

++ + 

Moribund, killed 

c? 10 

730 

50 

+-I- 

H — h 

+ + 

Died 

11 

490 

27 

Normal 

Slides lost 

+ + + 

Moribund, killed 

12 

385 

27 

+ 

+++ 

-b + + 

Died 


calcified. We have noted no other differences in reaction between 
rabbits and guinea pigs. 

The experiments with rabbits are summarized in Table II. 

Failure of Rais to Develop Muscular Dystrophy on Diet 13 

Rats reared on Diet 13 gave no symptoms of the muscular dystrophy 
cliaracteristic of guinea pigs and rabbits, although they were main- 
tained on the diet for more than a year. Some of the young from 
motliers on Diet 13 were continued on the diet until they were old 
enough to be bred. They are listed as second generation in Table III. 
Young from second generation rats were likewise continued on the diet 
and formed the third generation. A detailed microscopic study of 
muscles from a second generation rat, killed at 30 days, revealed an 
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(Table V) died with normal lungs, and without any indication of infection in other 
organs. Pieces of muscle have been excised and found to show lesions at a time 
when there was little or no loss of weight or otlier evidence of illness. Furthermore, 
we have studied as control, muscles from several rabbits with experimental pneu- 
mococcus pneumonia, or with general pneumococcus septicemia,® and have found 
no similar lesions, 

3, Scurvy . — Inasmuch as several workers, notabl}’* Hdjer (6), Meyer and Mc- 
Cormick (7), Dalldorf (8) have reported the occurrence of h^^aline necrosis of the 
muscle fibers in the experimental scurv}'* of guinea pigs, it seemed highl}" important 
to be certain that our animals were not suffering from latent scury}^ Sherman 
(9), using as criterion of scurvy looseness of teeth, fragility of bones, enlargements 
and hemorrhages of joints and rib junctions, obtained complete protection with 
a daily addition of 1.5 cc. of orange juice for a period of 90 days. Hdjer (10) 
devised a method for assaying vitamin C based upon the microscopic alterations in 
the odontoblasts and dentine of the incisor root after 10 to 14 days on the diet. 
Goettsch and Key (11), comparing this test with Sherman’s, found that 3 cc. of 
orange juice daily was needed for complete protection, and Edd)'* (12), using the 
same technique, arrived at a similar quantitative result. Dalldorf and Zall (13) 
found slight scorbutic lesions in the incisor roots with 5 cc. Using the rate of tooth 
growth as a test, they found that 5 cc. was not quite adequate, and that ‘ffor short 
periods and conservative diagnosis, 7 cc. might be considered protective.”® 

On the basis of the evidence of previous workers, it might be assumed that the 
addition of 3 or 6 cc. of orange juice daily should protect against the gross mani- 
festations of scury}% although it might not give complete protection if the micro- 
scopic alterations of the teeth or their rate of growth are taken as adequate criteria. 
The generally recognized evidences of scurv}’’ were not present in our animals. 
Hemorrhages were never seen, either in the vicinity of the joints or elsewhere, 
even in animals showing the most advanced and universal muscle changes. Micro- 
scopic section of the ribs showed not the slightest evidence of scurv}'', osteogenesis 
being active, the marrow free from fibrotic changes, and hemorrhages absent. 
While the teeth have not been studied in all cases, sections from animals with 
advanced muscular lesions have shown in a number of instances (Fig. 8), normal 
incisor roots."^ Finally, the production of identical muscular changes in rabbits, 
which are notoriously resistant to experimental scurvy, makes it highly improbable 
that the muscular lesions are due to a deficiency in vitamin C. 

4. Possible Dejicicncics of Diet 13 itt Other Vitamins. Vitamin A . — That the 
vitamin A content of Diet 13 was not destroyed by the ethereal ferric chloride 


® We are indebted to J^Irs. Frances M. Weld for placing these animals at our 
disposal. 

^ Personal communication from Dr. Dalldorf. 

" We wish to express our thanks to Professor Charles Bodecker of the School of 
Dentistry, for preparing sections of the teeth. 
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The Deficiency in Vitamin E 

That Diet 13 was deficient in vitamin E content, as planned, was 
proved by the following experiments with rats : 

Rats both male and female, when reared upon Diet 13, responded to the tech- 
nique of Evans and Burr (17) in a wa}'’ typical of vitamin E deficienc3^ Five 
males after an initial period of fertility, were unable to sire litters after 200 to 250 
days on the diet. Upon autopsy, after 230 days, two functionally sterile males 
showed, in smears from the epididymis, histologicalty normal spermatozoa, a 
few of which were motile. In smears from the other three males after 420 days 
on the diet, there were found either no sperm at all, or many dead atypical ones. 
Three litter mate control rats upon untreated Diet 11 retained their fertility as 
judged by functional tests, and at 420 days had normal motile sperm. 

Table III shows the reproductive history of thirteen female rats on Diet 13, 
that were bred at tlie age of 3 months. Three rats had typical resorption of the 
embryos during the first gestation, nine had “first litters” followed b.v resorptions 
in subsequent pregnancies, and one had two litters. Following resorptions, cures 
were attempted with Diet 1 1 as well as with a known source of vitamin E, wheat 
germ oil. As is shown in Table III, three females were successful^ cured by giving 
them Diet 11 throughout the trial gestation period and three of five females were 
cured by tlie administration of 550 mg. of wheat germ oil on the daj”^ of positive 
mating. 

Thirty j^ung rats from mothers that had been reared and maintained on Diet 
13 during gestation and lactation, did not suffer from the paratysis sometimes shown 
bj’’ j'oung from mothers on a vitamin E-deficient diet during lactation (Evans and 
Burr (18)). 

Elimination of Vitamin E as a Factor in the Production of 
Muscular Dystrophy 

Since Diet 13 was originally planned and subsequently proved to be 
deficient in vitamin E, it was necessary to ascertain whether the 
muscle lesions in guinea pigs and rabbits might be a hitherto unrec- 
ognized effect of a deprivation in this factor. This question was 
approached in three ways: (1) by supplementing Diet 13 with vitamin 
E in the form of tested wheat germ oil, (2) by placing the animals on a 
vitamin E-low diet made up of simplified foods, such as was used by 
Evans and Bishop in their experiments upon rats, and (3) by giving 
the Diet 13 without ferric chloride treatment (Diet 11). The last 
experiment also se]r\''ed to test the possibility that the ferric chloride 
per sc had a deleterious effect upon the muscle, or that it acted de- 
structivelv upon some unknowm necessary constituent in the experi- 
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Guinea Pigs 103 and 108, dying on the 59 th and 75th days, had in sections, occa- 
sional necrotic fibers with little cellular reaction. The other four guinea pigs, 
which lived from 48 to 233 days, presented very striking and widespread muscular 
lesions. 

Chart 3 illustrates not only the similarity of the growth curves of animals of this 
group to those of animals showing characteristic muscle dystrophy on Diet 13, 
but also the great individual variation among them. 



Chart 3. Growth curves of guinea pigs on Diet 13 with the daily supplement 
of 6 cc. of orange juice and 200 mg. (8 drops) of wheat germ oil. 

A. Composite growth of 770 normal male guinea pigs from data of Wright (2). 

B. Composite growth curve of three males and four females on the stock diet 
of oats, bran, and greens. 

Table IV also includes data from five rabbits on Diet 13 plus 6 cc. of orange juice 
and 450 mg. of wheat germ oil. Without exception, they exhibited characteristic 
symptoms and severe gross and microscopic lesions in the muscles, in the same 
length of time as the group without the wheat germ oil supplement. 

2. Effect of a Simplified Food Diet with and without Vitamin E upon Guinea Pigs. 
— An attempt was made to study the possible role of vitamin E deficiency in the 
development of the muscular dystrophy by placing guinea pigs upon a simplified 
diet deficient in this factor. The diet consisted of 27 per cent casein, 59 per cent 
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The unsuitability of this diet for maintaining the guinea pigs in a satisfactory 
state of nutrition did not justify further experimentation. 

3. Ejffect of Untreated Diet 11 upon Guinea Pigs and Rabbits. — Litter mates of 
the guinea pigs on Diet 13 were maintained on the untreated Diet 11 with 3 or 6 
cc. of orange juice a day. As shown in Chart 4, they grew at a normal rate for 
a longer period of time than the animals on Diet 13, most of them attaining a 
weight of 550 gm. In the earlier experiments, the controls were actively growing 
and apparently in excellent condition at the time that their litter mates were dying 

TABLE V 


Showing the Effect of Diet 11 upon Guinea Pigs and Rabbits 




Weight 

at 

begin- 
ning of 
experi- 
ment 

Days 

Extent of muscle lesion 



No. of animal 

on 

diet 

Gross 

Microscopic 

Lung infection 

Remarks 

G. P. cf 

84* 

fW. 

38 

Normal 

Normal 

? 

Biopsy 

G. P. cf 

79 


58 

(t 

Not examined 

Normal 

Killed 

G. P. o’ 

82* 


62 

(C 

Normal 

? 

Biopsy 

G. P. 9 

87* 


61 

(( 

it 

? 

li 

G. P. 9 

73 


75 


it 

+ 

Killed 

G. P. 9 

75 


141 

++ 

— 1 — [- 

Normal 

Died 

G. P. 9 

118 


165 

Normal 

+ 

? 

Biopsy, still alive 

G. P. 9 

121 


145 

++ 

H — 1 — 1 — h 

+ 

Moribund, killed 

G. P. cP 

125 



Normal 

■1 — 1 — 1 — h 

Hemorrhage 

Died 

G. P. 9 

126 


133 

++ 

++++ 

Normal 

a 

G. P. cP 

128 


87 

+++ 

H — 1 — 1 — h 

ti 

Moribund, killed 

R. 

7 

475 


Normal 

Normal 

it 

Killed 

R. 

9 

340 

32 

« 

+ 

+++ 

a 

R. 9 

19 

610 

59 

+++ 

+++ 

Normal 

Died 

R. cP 

20 

590 

56 

++ + 

++++ 

++ 

Moribund, killed 

R. cP 

21 

500 

56 

+++ 

+++ 

++ 

Died 


* Whole wheat substituted for bran in Diet 11. 


of the muscular dystroph 5 \ Upon microscopic examination during this stage 
their muscles revealed no lesions. Those animals however, which were allowed 
to survive for a sufficientl}'^ long period on Diet 11, developed flabbiness, muscular 
weakness, and a break in the growth curve, followed by rapid dech’ne and death. 
At autopsy thej' showed verj' characteristic gross and microscopic lesions in the 
muscles. 

Table V shows that five guinea pigs, killed after 31 to 75 days on the diet, had 
normal muscles, while sLx, that were allowed to survive as long as possible, showed 
well defined and extensive muscular dystrophy. 
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NUTRITIONAL MUSCULAR DYSTROPHY 


pigs and rabbits are susceptible, rats resistant. The diet used is 
complete in known requirements, except for vitamin E; the addition 
of this factor, however, does not prevent the development of the dis- 
ease. The lesions are not due to inanition, infection, or scurvy, and 
must be referred to some still unknown factor. 

It is a pleasure to acknowledge the continued interest and advice of 
Dr. H. T. Clarke and Dr. G. L. Foster in this investigation. 
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EXPLANATION OF PLATES 
Plate 18 

Fig. 1. Guinea Pig 126. 133 days on Diet 11 plus orange juice. Section of 

abdominal muscles, showing hyaline necrosis of fibers, with segmentation and 
disruptions. 

Fig. 2. Rabbit 1. 14 daj's on Diet 13 plus orange juice. Necrotic fiber in 

center. Marked proliferation of muscle nuclei between still intact fibers. 

Fig. 3. Rabbit 20. 56 days on Diet 11. Invasion of necrotic fiber by poly- 
morphonuclear leucocj’tes. 

Fig. 4. Rabbit 1. 14 days on Diet 13 plus orange juice. Regenerating fibers. 
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NERVE ENDINGS IN NUTRITIONAL MUSCULAR 
DYSTROPHY IN GUINEA PIGS 


Bv W. M. ROGERS, Ph.D., A. M. PAPPENHEIMER, M.D., 

AND MARIANNE GOETTSCH, Ph,D. 

{From the Departments of Anatomy and Pathology , College of Physicians and 
S^(.rgeons^ Columbia University^ New York) 

Plates 20 and 21 

(Received for publication, April 2, 1931) 

In a previous article (1), dealing with nutritional muscular dystro- 
phy in guinea pigs and rabbits, it was stated that no significant altera- 
tions were found in the central nervous system or larger peripheral 
nerve trunks. The question as to a possible primary degeneration of 
the muscular nerve endings was left for further study. The following 
observations indicate that the nerve endings are preserved even though 
the muscle fibers are profoundly altered. 

Technique 

The method selected after comparison with several others was de- 
vised by one of the authors (2) and should be applied as follows:' 

1. Fixation in Bouin^s picro-aceto-formol — 3 days or longer. 

2. 70 per cent alcohol, m^ny changes until most of the picric acid has disap- 
peared, — 24 hours or longer. 

3. 2 per cent solution of ammonia in 80 per cent alcohol — 24 hours. 

4. 2 per cent solution of ammonia in 90 per cent alcohol — 24 hours. 

5. Absolute alcohol — 2 hours, clear in chloroform, xylol, or cedar oil. 

The tissue is then embedded in paraffin in the usual manner. Sections arc cut 
at 10 to 30 pi. After deparaffinizing, the slides remain in 90 per cent alcohol con- 
taining 1 per cent of ammonia for 3 hours. 

6. Rapid rinsing in distilled water. 

7. 40 per cent silver nitrate for 2 to 4 hours. 

8. Rinse quickly with distilled water. 


' Wc wish to thank Miss Marie Xorkus for her assistance in developing and 
applying this technique. 
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9. 20 per cent acid or neutral formol is poured upon slide and allowed to remain 
for 5 minutes, followed by 5 per cent formol for 1 minute. Pour off without 
rinsing. 

10. Diammoniacal silver solution which has been heated to 30-S5°C. is poured 
over the slide which is held at an incline. Then more of this solution is poured on 
the slide which is placed horizontally under the microscope so that the liquid does 
not run off. Allow this to remain until the neurites are stained black while the 
section as a whole is a golden brown. The diammonical silver solution is made as 
follows; 

To 4 cc. of 20 per cent silver nitrate add several drops of a mm onium hydrate 
(28 per cent) to precipitate the silver. Then, with constant shaking, continue 
adding ammonium hydrate drop by drop until the precipitate is redissolved. Fol- 
lowing this, add 1 drop of ammonium hydrate to every 2 cc. of the original 20 per 
cent solution of silver nitrate. To this add 4 cc. of distilled water. 

1 1 . Rinse in distilled water. 

12. Tone with solution of gold chloride made as follows: 

1 gm. gold chloride to 300 cc. distilled water. Add 50 drops of glacial acetic 
acid to every 5 cc. of gold chloride solution. Allow sections to stay in the toning 
solution for 10 to 15 minutes. The acetic acid bleaches the connective tissue. 

13 . Wash with distilled water. 

14. Reduce the gold in 1 per cent oxalic acid for about 5 minutes, or until the 
sections become purple. 

15. Fix in 5 per cent sodimn hyposulfite for about 5 minutes. 

16. Wash in running water or in several changes of water on the slide. Failure 
to wash well often causes stains on the sections. 

17. Dehydrate; clear in carbol-xylol, then xylol, and mount in balsam. 

Using this method, the nerve terminals are brought out with great 
clarity against the purplish muscle fibers, in which the striations are 
distinctly shown. 

As is seen in Fig. 1, even the finest axons are impregnated, and can 
be followed to their terminations. They appear to end upon the 
surface of muscle fibers which have undergone complete hyaline ne- 
crosis. Such neurites show no obvious differences from those leading 
to normal muscle fibers. 

Although it might seem probable that the complete disintegration 
and disappearance of the muscle fibers would lead to regressive 
changes in the nerve terminals, we have found no evidence that such 
is the case. On the contrary, beautifully preserved neurites, with 
terminal pads, may be seen amongst the columns of proliferative 
muscle nuclei (Figs. 2 and 3), and in the fat and connective tissue 
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INTRACUTANEOUS PNEUMOCOCCUS INJECTION 


In view of these observations systerftatic experiments have been 
undertaken to determine the reaction of very young animals to in- 
fection. 


EXPERIMENTAL 

To study the infection of the skin in young and adult animals 
pneumococcus was chosen for it had been shown by Zinsser (12), 


TABLE I 

EJffect of Pneumococci Injected into the Skin of Adult and Young Rabbits 



No. 
of ' 
rab- 1 
bit 1 

Weight 

Amount 

of 

culture 

injected 

Local inflammation 

Pneumococci in 
blood smears 

Fate of animal 



gm. 

cc. 




Adult 

1 

2200 

0.001 

Typical with necrosis 

Not found 

Survived 

rabbits 

2 

2500 

0.001 

Typical with necrosis 

Found 

Died in 6 days 


3 

2600 

0.001 

Typical without ne- 
crosis 

Not found 

Survived 


4 

3500 

0.001 

Typical with necrosis 

Not found* 

Died in 4 days 

Rabbits 17 

1 

140 

0.001 

None 

Found 

Died in 1 day 

days old 

2 

150 

0.001 

Slight redness, no 
swelling 

Found 

Died in 2 days 


3 

170 

0.001 

Slight redness, no 
swelling 

Found 

Died in 2 days 


4 

175 

0.001 

Slight redness, no 
swelling 

Found 

Died in 2 days 


5 

175 

0.001 

Slight redness, no 
swelling 

Found 

Died in 2 days 


* Gelatinous pneumonia; pneumococci not found in the lungs. 


Goodner (13) and Ellinck (14), that a small amount of a culture of 
virulent pneumococcus injected into the skin of (adult) rabbits pro- 
duces a very intense inflammation which, if certain dosage is used, heals 
as a rule in about 10 days. The t 3 rpical inflammation was described 
in detail by Goodner. 

In the experiments to be described observations were made on 39 
young and 22 adult rabbits. 

The age of the young rabbits ranged from 1 to 26 days. They were kept with 
the mothers. The age of the adult animals was not known. They weighed from 
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2000 to 3500 gm. and can be considered as fully grown rabbits. Most of the 
rabbits were of common laboratorj*" stock. 

The pneumococcus culture was a freshly isolated strain of Type I; it was grown 
on rabbit blood bouillon. The amount injected varied from 0.000016 to 0.005 cc. 
of the culture diluted to the volume of 0.1 cc. Previous to the injection the hair 
over the skin of the whole abdomen was either shaved or cut with scissors. The 


TABLE n 


Effect of Pneumococci Injected into the Skin of Adult and Yoitng Rabbits 



No. 

of 

rab- 

bit 

Weight 

Amount 

of 

culture 

injected 

Local inflaimnation 

Pneumococci in 
blood smears 

Fate of animal 



■gm. 

cc. 




Adult 

rabbits 

1 



T 3 ^ical without ne- 
crosis 

Not found 

Survived 


2 



Typical with necrosis 

Not found 

Survived 


3 



Typical without ne- 
crosis 

Not found 

Survived 


4 



Typical without ne- 
crosis 

Not found* 

Died in 15 days 

Rabbits 7 ' 

1 

70 

RR! 

None 

Found 

Died in 1 day 

days old 

2 

70 


None 1 

Found 

Died in 1 day 


3 

75 


None : 

Found 

Died in 2 days 


4 

80 

HQ: 

None " ' 

Found 

Died in 1 day 


5 

80 

HQ: 

None 

Found 

Died in 1 day 


6 

80 

HQ! 

None 

Found 

Died in 1 day 


7 

80 

HQ! 

None 

Found 

Died in 1 day 


8 

85 

HQ! 

None 

Found 

Died in 1 day 


9 

85 

HQ ! 

None 

Found 

Died in 1 day 


10 

90 

HQ! 

None 

Found 

Died in 1 day 


11 


Qg 

None 

Found 

Died in 1 day 


Pneumonia; pneumococci not found in the lungs. 


animals were obscr\'cd for 2 weeks, blood smears were examined for pneumococcus 
daily (with a few exceptions). The results are tabulated in Tables I to ^T. 

In each experiment, represented in the tables, one group of young rabbits and 
one group of adults were injected wdth the same suspension. In the first experi- 
ment 0.001 cc. of the culture was injected in both groups. All four adult rabbits 
had t\ 7 >ical local inflammation; one rabbit died in. 6 days with bactcricmia, one 
other rabbit died in 4 days from pneumonia without bactcricmia. The death of 
the latter rabbit was caused probably not by the injection of pneumococci. Both 
of these rabbits had tjpical local inflammation. None of the young rabbits 1 7 days 
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old, reacted locally in the way that is characteristic for adult rabbits. The skin 
was very slightly red only, and no swelling was noticed. Of the young rabbits one 
died in 1 day and the other four rabbits in 2 days after the infection. The blood 
of all these contained a large number of extracellular and relatively few intracellular 
pneumococci (Table I). 

In the second e.xperiment four adult and eleven young rabbits, 7 days old, were 
infected with 0.005 cc. of the culture. All adult rabbits had typical local inflam- 
mation; one of them died on the 15th day after infection from pneumonia. None 


TABLE m 

Effect of Pneumococci Infected into the Skin of Adult and Young Rabbits - 



No. 

of 

rab- 

bit 

Weight 

Amount 

of 

culture 

injected 

Local inflammation 

Pneumococci 
in blood 
smears 

Fate of animal 

Adult 

1 

gm. 

2600 

cc. 

0.005 

Typical without ne- 

Found 

Died in 3 days 

rabbits 

2 

2900 

0.005 

crosis 

Typical without ne- 

Not found 

Survived 


3 

2900 

1 

0.005 

crosis 

Typical with necrosis 

Not found 1 

Survived 


4 

3100 

0.005 

Typical with necrosis 

Not found 

Survived 

Rabbits j 

1 

200 

0.005 

None 

Found 

Died in 2 days 

23 days i 

2 

210 

0.005 

Slight redness, no 

Found 

Died in 2 days 

old 

3 

210 

0.005 

swelling 

Slight redness, no 

Found 

Died in 3 days 

i 

4 

240 

0.005 

swelling 

Slight redness, no 

Found 

Died in 3 days 


5 

245 

0.005 

swelling 

Slight redness, swell- 

! 

Found 

Died in 3 days 


6 

255 

0.005 

ing 2 mm. thick 

None 

Found 

Died in 3 days 


7 

255 

0.005 

None 

Found 

Died in 3 days 


8 

258 

0.005 

1 Slight redness, no 

Found 

Died in 3 days 





swelling 




of the blood smears of these rabbits showed pneumococci. Of the eleven young 
rabbits, ten died on the day following the injection and one died 2 days after the 
injection. All of the young rabbits had pneumococci in their blood. Local 
inflammation was not noticed (Table II). 

In the third experiment four adult and eight young rabbits were infected. The 
young rabbits were 23 days old. Both groups were infected with 0.005 cc. of the 
oilture. One of the adult rabbits (No. 1) died 3 days after the infection. In 
the blood smears taken on the 1st, 2nd and 3rd day after the infection there were 
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Summary of the Five Experiments 

, Adult Rabbits . — Six rabbits were injected intracutaneously with 
0.005 cc., eight with 0.001 cc., six with 0.0005 and two with 0.00025 cc. 


TABLE V 

Effect of Pneumococci Injected into the Skin of Adult and Young Rabbits 



No. 

of 

rab- 

bit 

Weight 

Amount 

of 

culture 

injected 

Local inflammation 

Pneumococci 
in blood 
smears 

Fate of animal 



gtn. 

cc. 




Adult 

1 

2200 


Typical with necrosis 

Not found 

Survived 

rabbits 

2 

2500 

SuiS 

Typical with necrosis 

Not found 

Survived 


3 

2600 

0.0005 

Typical with necrosis 

Not found 

Survived 


4 

2900 

0.0005 

Typical without ne- 
crosis 

Found 

Died in 3 days 


5 

2950 

0.00025 

lypical without ne- 
crosis 

Not found 

Survived 


6 

3000 

0.00025 

Typical without ne- 
crosis 

Not found 

Survived 

Rabbits 

26 days 

1 

300 

■nn 

Slight redness, no , 
swelling 

Found 

Died in 3 days 

old 

2 

310 


Slight redness, no 
swelling 

Found 

Died in 3 days 


3 

315 


Slight redness, no 
swelling 

Found 

Died in 3 days 


4 

315 


Slight redness, swelling 
30 X 20 mm. raised 

6 mm. 

Found 

Died in 3 days 


5 

325 


Redness, no swelling 

Not found 

Died in 6 days 


6 

325 


Slight redness, no 
swelling 

Found 

Died in 7 days 



330 


Redness, no swelling 

Found 

Died in 3 days 



330 


Redness, swelling 12 x 
12 mm., raised 3 mm. 

Found 

Died in 3 days 



340 


Redness, swelling 15 x 
15 mm., raised 2 mm. 

Found 

Died in 3 days 


1 

340 


Redness, swelling 40 x 
40 mm., raised 2 mm. 

Found 

Died in 6 days 


of a pneumococcus culture. All of them developed a very extensive 
local inflammation; three of the rabbits died with septicemia and two 
without septicemia. 
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Young Rabbits, from 1 to 26 Days OW— Nineteen young rabbits 
were injected intracutaneously with O.OOS cc., five with 0.001 cc., six 
with 0.0005 cc., four with 0.00012 cc. and five with 0.000016 cc. of a 
pneumococcus culture. None of these rabbits developed the typical 
local inflammation. Redness with slight swelling was found only in 
five rabbits, redness without swelling was noticed in fourteen and no 


TABLE VI 

EjScci of Pneumococci Injected into the Skin of Adult and Young Rabbits 

Adult Rabbits 


No. of rabbits 

Dose 

Local inflam- 
mation 

Survived 

Died with 
septicemia 

Died without 
septicemia 

6 

cc. 

0.005 


s 

1 

0 

8 


Typical 

6 

1 

1 

6 

0.0005 

Typical 

4 

1 ! 

1 

2 

0.00025 

Typical 

2 

0 

0 


Young Rabbits 


No. of 
rabbits 


Local inflammation 


Died with 

1 septicemia 

Died without 
septicemia 

j 

Dose 

Absent 

Redness, 

no 

swelling 

Redness 

and 

swelling 

Survived 

19 

cc. 

0.005 

14 

4 

1 

0 

19 

0 

5 

0.001 

1 

4 

0 

0 

5 

0 

6 

0.0005 

0 

5 

1 

0 

5 

1* 

4 

0.00012 

0 

1 

3 

0 

4 

0 

5 

0.000016 

5 

0 

0 

0 

S 

0 


* 26 days old. 


evidence of inflammation was seen in twenty rabbits. All young 
rabbits died with bacteriemia (Table VI). 

DISCUSSION 

Goodner and others have demonstrated that the injection of virulent 
pneumococci into the skin of adult rabbits produces a very extensive 
inflammation which in some of the animals heals in about 10 days. 
In others the pneumococci penetrate into the blood stream and cause 
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death. With the strain and amounts used in the experiments reported 
in the present paper about one of seven adult rabbits died with septi- 
cemia. We have found that young rabbits, from 1 to 26 days old, 
react very differently to the intracutaneous injection of pneumococci. 
The inflammation at the site of injection either fails to develop or it 
is very slight and in all animals witliout exception the pneumococci 
penetrate into the blood and kill the rabbits. It was noticed that the 
pneumococci found in the blood of adult rabbits are mainly in the 
leucocytes, whereas in the blood of young rabbits they are mainly extra- 
cellular. 

The observation that young rabbits fail to develop extensive in- 
flammation might be explained by their severe septicemia and by the 
fact that they live only for a short time after they have been infected. 
However in those few adult rabbits that died within a few days after 
infection the septicemia was associated with the usual inflammation at 
the site of the injection of pneumococci. This observation is in accord 
with the experiments of Goodner. 

In our first experiments an amount of culture was injected both into 
the young and adult rabbits which was suited to produce extensive 
inflammation without killing the majority of adult rabbits. In sub- 
sequent experiments the amount was varied so that the doses were 
proportional to the body weights of young and old. Even when this 
was done, a very small amount of culture, relatively speaking, as little 
as 0.000016 cc., killed the young rabbits, with septicemia. Since the 
mortality of young rabbits due to various intercurrent diseases is 
high (and very frequently the cause of death is not found at autopsy) 
it is possible that some of the young rabbits would have died during 
the course of the experiments without having been infected with 
pneumococci. 

The failure of young rabbits to develop extensive inflammation at 
the site of injection was expected on the basis of observations on the 
slight reactivity of the skin of young animals. The possible relation 
of the presence and extent of inflammation to the fate of the animals 
is of interest. The adult animals develop extensive inflammation and 
tlie large majority of them survive the infection without developing a 
septicemia. The young rabbits do not have inflammation at the site 
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TYPHUS FEVER 


I. CoiiPARATivE Study of European and American Typhus in 
Laboratory Animals 

By henry PINKERTON, M.D. 

{From the Department of Pathology, Harvard Medical School, Bosto7i) 
(Received for publication, April 6, 1931) 

American strains of typhus (Mooser (1), Maxcy (2)) differ from 
European strains (Nicolle (3), Wolbach (4)) chiefly in the fact that 
the former produce a severe acute inflammation of the scrotal sac in 
laboratory animals. 

In a previous paper (5), attention was called to the occurrence of a 
periodic scrotal sac exudate in guinea pigs inoculated with the Wolbach 
strain of European typhus and to the presence of Ricketisiae-Slled cells 
in this exudate. It therefore seemed probable that the differences 
between European and American typhus are unimportant and that 
the two diseases are essentially identical. More detailed clinical, 
pathological and morphological studies have since been made on four 
strains of typhus — two of European origin and two of American origin. 
The object of this paper is to record certain interesting features which 
were brought out in this comparative study. 

The origin of these four strains^ was as follows : 

European Strain 1 (Wolbach). Established in guinea pigs in Warsaw, Poland 
(1919). Alaintained in this laboratory up to the present time. 

European Strain 2 (Breinl). Established in guinea pigs in Prague (1928). 
Received in this laborator}' in Oct., 1929, and maintained until Sept., 1930. 

Mexican Strain (Mooser). Established in guinea pigs in Mexico (1928). 
Received in this laborator>' in Oct., 1928, and maintained until Jan., 1930. 

North Carolina (U. S. A.) Strain (Maxcy). Established in guinea pigs in 
Wilmington, N. C. (1928). Received in this laboratorj' in Sept., 1929, and main- 
tained up to the present time. 


' I am indebted to the originators of the \'arious strains for the privilege of mail- 
ing these studies. 


181 



182 


TYPHUS PEVER. I 


The differences between the four strains, and the more important 
points of similarity are brought out concisely in Table I. 

In all four strains the characteristic brain lesions were demonstrated. 
In the two American strains, however, brain lesions were practically 
absent in male guinea pigs which had been inoculated intraperitoneally 
and in which, the characteristic acute inflammation of the scrotal sac 
had occurred. In female guinea pigs (in which no marked local re- 
action takes place) or in male guinea pigs inoculated subcutaneously, 
brain lesions were usually found fairly easily, although they were not 
as numerous as in the European strains. In six male guinea pigs 
inoculated subcutaneously with a minute amount of infectious material 
(scrotal sac exudate, Maxcy strain) brain lesions were fully as numer- 
ous as in the European strains. In order to obtain numerous brain 
lesions in the American strains it would seem that we must prevent 
the occurrence of a severe local reaction. 

In all four strains, Rickettsia e~\didea cells were found in the scrotal 
sac exudate. In the two American strains (which were alike in all 
respects as far as could be learned) there was always a copious exudate 
in the scrotal sac, and Rickettsiae-Siled cells were found easily in 
every case. In the Wolbach European strain, the exudate was 
usually slight in amount and a careful search was necessary in order 
to find the specific organisms. During a period of intensification of 
the scrotal reaction, however, infected cells were found practically as 
easily as in the American strains. In the Breinl strain, the exudate 
in the scrotal sac was always scanty, and a large number of attempts 
were made before the characteristic picture was found. When found, 
however, the appearance of the intracellular organisms did not differ 
from that seen in the other strains. 

These two facts — the presence of characteristic brain lesions in all 
strains and the presence of Rickcttsiac-Sllcd cells in the scrotal sac in all 
strains, leave no doubt concerning the essential similarity of the four 
strains studied. As far as can be learned, all strains established from 
endemic sources have shown this marked local reaction in the scrotal 
sac of the guinea pig, while all strains established from epidemics of 
high mortality have, when first established, shown a mild inconspic- 
uous scrotal reaction and more numerous brain lesions. It therefore 
seems justifiable to conclude that variations in the intensity of the 
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TABLE I 

Comparalive Study of Four Strains of Typhus 



European No, 2 

European No. 1 

Mexican Wilmington 


(Breinl) 

(Wolbach) 

(Mooser) (Maxey) 

Incubation period 

5-7 days up to 21 
days with very 
small dose 

7-10 days, up to 21 
days. Reduced 
to 5 days with 
scrotal sac exu- 
date 

2-19 days depending 
on dose 

Swelling of scrotum 
after intraperito- 
neal inoculation 

Never observed 

definitely 

Rare. Periodic. 

Transient (6-24 
hrs.). May be 
induced by pas- 
sage through 

rats 

Practically constant 

Scrotal sac exudate 
after intraperito- 
neal inoculation 

Frequent at end of 
incubation period. 

1 Never copious 

Practically always 
i at end of incuba- 
tion period. 

Often copious 

Always copious 

Scrotal sac adhesions 

Temporary, rare. 
Permanent, never 

Temporary, often. 
Permanent, rare 

Usually permanent 

i?fe^c//rzae-filled cells 
in scrotal sac exu- 
date 

Found only in com- 
paratively small 1 
numbers 

Few to many, de- 
pending on 

amount of exu- 
date present 

Numerous in ever>' 
case 

Exudate on spleen 

Frequently 

In about 60% of 
cases 

Occasionally 

/2iV^c«ricc-fillcd cells 
in exudate on 
spleen 

Found in two prep- 
arations after 

long search 

Rare. One or two 
cells found after 
long search 

As in other strains. 

Brain lesions 

Constant and us- 
ually numerous 

Constant and us- 
ually numerous 

Frequent in female 
pigs. In male 

pigs, only after 
subcutaneous in- 
oculation 
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scrotal reactions are correlated with strain variations in virulence 
similar to those shown by various members of the streptococcus group. 

The behavior of the Wolbach strain of European typhus during its 
12 year residence in the guinea pig is worthy of special comment. 
During tlie first 2 years after this strain was established, a large 
number of guinea pigs were autopsied and their scrotal sacs carefully 
examined. Involvement of the testes was confined to an occasional 
small area of superficial hemorrhage and no obvious exudate was ever 
found. During the next 7 years autopsies were made from time to 
time but a mild scrotal sac exudate might have escaped notice. No 
obvious involvement of the scrotal sac was noted during this period. 
3 years ago, when the scrotal reaction was first noticed, as it was mild, 
transient, of rare occurrence and not visible externally During the 
past 3 years the scrotal reaction has become more pronounced and 
more frequent (although it still occurs only periodically). Recently 
the reaction has been entirely comparable to that seen in American 
typhus in four successive transfers, but it practically disappeared 
again in the fifth transfer. At present it has been practically absent 
for six generations (about 2 months). This European strain has 
therefore been definitely altered by its long residence in guinea pigs 
and now occupies a position intermediate between that of a recently 
isolated European strain and the American strains (see Table I). 

The scrotal reaction in the Wolbach strain was intensified during 
quiescent periods, in the following way: A rat was inoculated intra- 
peritoneally with 1 cc. of brain emulsion from a typhus-infected pig 
(without scrotal reaction) . 14 days later the spleen and testicles of the 

rat were ground in a mortar and two guinea pigs were inoculated with 
this material. This procedure was carried out four times and in each 
case at least one of the guinea pigs inoculated from the rat showed a 
marked scrotal reaction with complete fixation of the testes in the 
scrotal sac. Whether this phenomenon depends on increased dosage 
or a true change in virulence of the organism is not clear but the follow- 
ing observations indicate that the latter is more probable. 

On numerous occasions when a copious exudate with many Rickett- 
siae was found in the scrotal sac in the Wolbach European strain, 
large amounts of this exudate were injected intraperitoneally into 
normal guinea pigs. The percentage of strongly positive scrotal 
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The evidence indicates that the incubation period is dependent on the 
number of Rickettsiae injected rather than on virulence factors. 

SUMMARY 

Study of two strains of epidemic (European) typhus and two strains 
of endemic (American) typhus in laboratory animals has shown their 
essential identity. 

The characteristic typhus brain lesions can be shown to occur in 
all four strains after subcutaneous inoculation and iJ^c^c/Afcre-fiUed 
cells can be found in the scrotal sac in all four strains after intraperi- 
toneal inoculations. 

A strain of European typhus, which for 8 years has yielded no ob- 
vious scrotal reaction in guinea pigs, afterwards gave rise to a periodic 
.'^crotal reaction of variable severity. At present it occupies an 
intermediate position in this respect between the recently isolated 
European strain and the American strains. 

Variations in the scrotal reaction in guinea pigs appear to be cor- 
related with strain variations in virulence in the human host. 

The incubation period in guinea pigs after intraperitoneal inocula- 
tion depends largely on the number of Rickettsiae injected. 
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can more easily and constantly get material containing numerous in- 
fected cells from this strain; but unquestionably the observations 
could, with patience, have been made on the Wolbach European strain 
by taking advantage of the periodically intensified scrotal reaction. 
The main objects of this study were (1) to determine the origin and 
nature of the various types of cell present in the exudate and (2) to de- 
termine to what extent the various types of cell take up Rickettsiae 
and to what extent the organism multiplies in each type of cell. 
Incidentally it was hoped that such studies might help to solve the 
question of whether or not the peritoneal lining cells give origin to any 
important number of “peritoneal phagocytes.” 

OBSERVATIONS 

In the gross the exudate is not remarkable in appearance. In the 
early stages it is a glairy greyish white material, in which small white 
flakes (up to 1 mm. in greatest dimension) are frequently found. 
Later (after 24 to 48 hours) the exudate becomes firmer and drier and 
loosely glues together the visceral and parietal layers of tunica. At 
this stage it is easily peeled off in large thin sheets. By grasping it 
with the forceps at any point it is often possible to denude the entire 
surface of the testicle and cremasteric muscle. When sheets of this 
exudate are floated in Ringer’s fluid they have a distinctly membrane- 
ous appearance and when manipulated with dissecting needles, planes 
of cleavage appear which are always parallel to the flat surface. 
It is thus possible to separate the material into thin sheets only two or 
three cells deep. 

Later the exudate either becomes partially replaced by permanent 
connective tissue or disappears by resolution, allowing a restoration 
of the serosa to normal. The latter process is the rule in the Wolbach 
strain of European typhus where the inflammation is relatively mild, 
and the exception in the American strains. 

Microscopic study of the exudate shows inflammatory cells of all 
types and relatively little fibrin. In the early stages considerable 
serum is present. Table I shows roughly the composition of the exu- 
date at various stages. The figures in this table were obtained in each 
case by counting 1000 cells in Giemsa-stained smear preparations. 
The term “large mononuclear cells” is used in a descriptive sense only 
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and includes macrophages of whatever origin, desquamated serosal 
cells and perhaps a small number of young fibroblasts and true vascu- 
lar endothelial cells. The serosal cells can often be identified in 
Giemsa-stained smears with a fair degree of certainty. In the first 
place they tend to occur in small clusters accurately fitted together. 
Secondly, the serosal cells have rather pale nuclei and in well fixed 
smears, several definite blue staining nucleoli are almost invariably 
visible, while the nucleoli of the macrophages are not seen. 

In supravital preparations more accurate identification of these 
cells is possible. Of the macrophages about 25 per cent take up dye in 
the manner characteristic of the monocyte, while the remainder are 


TABLE I 



, PoljTnor- 
; phonuclears 

Eosino- 

philes 

Lyjnpbo* 
cytes and 
plasma cells 

1 Large 

mononuclear 

cells* 

First few hrs 

Per cent 

16 

Per cent 

1.5 

per cent 

2.5 

per cent 

80 

24 hrs. (approximately) ! 

56 

4.2 

2.1 

38 

48 “ “ 

41 

3.2 

6 

50 

4 days 

10 : 

1.2 ! 

4 

85 

6 

1.2 

0.2 

7.5 1 

91 



* Term used in a purely descriptive sense. 


probably largely of local origin (histiocytes, clasmatocytes). The 
dye-storing cells constitute about 35 per cent of the '^large mono- 
nuclear cells” of the exudate. The remaining 65 per cent do not store 
dye and are probably largely serosal cells. It is impossible to recog- 
nize young fibroblasts and true endothelial cells (originating in capil- 
lary sprouts) among these non-phagocytic cells but these types of cell 
must be present in very small numbers if at all in the early stages of 
the process, when the exudate is not adherent. 

In smears made during the first 48 to 72 hours, Richcllsiac-ixWcA cells 
arc practically always found, and during the first few hours of the 
reaction such cells are frequently present in everj* low power field. 

Heavily infected cells arc best located under low power magnificafion and stand 
out as swollen cells with dark purple cjToplasm. Occasionally the cytoplasm is so 
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packed with organisms that the nucleus is entirely obscured and the cells appear 
at first glance like masses of homogeneous darkly stained foreign material. In 
some of these heavily infected cells it is impossible to resolve the individual organ- 
isms except along the edge. 

In other cells the nucleus appears small and dark, obviously compressed by the 
growth of organisms in the cytoplasm. With the oil immersion, many cells are 
also found which contain smaller masses of organisms. Some show one-half or 
one-third of the cytoplasm packed with organisms, while the uninfected portion 
of the cytoplasm remains clear. Even when only 15 to 20 organisms are present in 
a single cell, they are almost invariably in the form of a closely packed cluster, 
suggesting that the motility of the cytoplasm is not sufiicient to disseminate them. 

Unfortunately it was not possible to recognize the Rickettsiae-fAXedL 
cells in supravital preparations. By the use of graphite ink, however, 
it was possible to obtain smears in which the Rickettsiae were plainly 
visible in the cytoplasm of the cells and in which the phagocytic cells 
could be easily recognized. 

The two methods used were (1) to mix the exudate with the ink particles sus- 
pended in saline and make smears after 15 to 45 minutes, and (2) to inject the ink 
suspension intraperitoneally at the onset of the scrotal reaction. The latter 
method resulted in more satisfactory preparations. 3 drops of ink in 5 cc. of 
saline were injected. 24 hours after injection 50 to 80 per cent of the polymorpho- 
nudears and 65 to 90 per cent of the macrophages (as determined by supravital 
preparations) were found to contain definite ink particles, and the greater number 
of these cells were well filled. This was used as a criterion for the success of the 
contact between the cells of the exudate and the ink particles. 

In smears of this t}T)e, 400 Rickcttsiae-uxieci^d. cells were counted, 108 of these 
being completely filled with Rickettsiae^ 134 partially filled and 158 containing from 
6 to 100 individual organisms. . Of these 400 infected cells, counted in smears 
representing four different experiments, only two contained particles of graphite 
and in each of these two instances it was obvious that the cells had been invaded 
by (or possibly were simply in contact with) polymorphonuclears and that the 
graphite particles were originally in the cytoplasm of the polymorphonuclears 
and not in the jRfc/:e//jiac-infected cells. 

On the other hand, 2000 mononuclear cells containing ink particles were 
carefully inspected and no Rickettsiae were found in any of them. Later several 
hours were spent in examining these phagocytic cells without enumerating them, 
and no Rickettsiae were ever found in cells which had ingested ink particles. 

No organisms were seen in the pohmiorphonuclears but in other smears as many 
as ten organisms have been counted in the C}^toplasm of some of these cells. This 
observ^ation had been made only ver^^ rarely, however. W^hen the organisms are 
seen in pohmiorphonuclears, they are scattered uniformly through the cytoplasm, 
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as though they had been picked up one at a time. It is probable that they are 
rapidly destroyed. 

These experiments showed in a clear-cut manner that the cells in the 
scrotal sac which had become infected with Rickettsiae and which we 
are forced to regard as entirely of serosal origin (see observation made 
on sections below) do not take up graphite ink particles and do not 
stain supravitally and that the monocytes and clasmatocytes (histio- 
cytes) which take up graphite ink, do not take up or become invaded 
by Rickettsiae in demonstrable numbers (see Fig. 1). This latter ob- 
servation agrees quite well with our repeated failure to find organisms 
within the circulating blood monocytes, and we believe that Rickett- 
siae gain entrance to the blood stream largely in a naked condition by 
way of lymphatics. 

Sections through the scrotum, scrotal sac exudate and testes, 
stained in such a way as to bring out the Rickettsiae clearly, have 
furnished valuable material for study in connection with the above 
experiments. 

The infected serosal cells are quite loosely attached and great care is necessary 
to get preparations in which they are intact. The following method has been 
most satisfactory. The entire scrotum, testes and rectum were removed en bloc 
and placed in Regaud^s fluid (20 cc. of full strength formaldehyde solution, 1 gm. 
of sodium sulfate and 100 cc. of 2.5 per cent potassium di chromate solution). 
Equally good results were obtained with neutralized and unneutralized formalde- 
hyde. After a few hours the scrotal sacs were gently opened from above downward 
to allow better access of the fixative to the visceral and parietal tunica. After 
48 hours fixation, followed by gentle washing for 24 hours, suitable blocks were 
cut with a sharp razor, taking care not to disturb the surface exudate. The blocks 
were dehydrated, cleared in cedar oil and embedded in paraffin in the usual wa 3 ^ 
Sections were cut as thin as possible and stained overnight in Giemsa solution. 
Exposure to sunlight is the most satisfactor>' method of differentiation, since colo- 
phonium decolorizes many of the organisms. 

In sections made in this way, the topography of the inflammaton' reaction may 
be studied, and more information can be obtained than in a study of smears. 
The intracellular RickcUsiac slain purple and arc shown fully as well as in the best 
smear preparations. They arc stained as deepb' and sharph' as ordinan* bacteria. 
No intermediate stages between definite Rickctlsiac and granules of indefinite 
nature arc seen, and it seems safe to assume that practically all of the RicbcHsiac 
present in any given section arc clearly visible. 
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The outstanding features of such preparations (Fig. 2) are the pres- 
ence of enormous numbers of Rickettsiae in the cytoplasm of the serosal 
cells, and the extreme difficulty of finding the organism in the 
underlying tissue or in the cells of the overlying exudate. Organ- 
isms are never seen in an extracellular position. In many prepara- 
tions, more than half of the serosal cells are completely or partially 
filled with Rickettsiae, and as many as twent)''-five adjacent cells 
have been seen, all of which were heavily infected. Occasionally a 
desquamated i??cI’c//5fflc-containing cell is seen in the exudate near 
the serosa, but the cells which lie further out in the exudate (poly- 
morphonuclears, eosinoplules, lymphocytes, macrophages, desqua- 
mated serosal cells and connective tissue cells, if any) appear uniformly 
Rickcttsia-iree. 

There is often marked proliferation of the serosal cells, sometimes 
resulting in concentric whorls and sometimes simply forming a thick 
layer of heaped up cells, 15 to 30 cells deep. These heaped up cells 
tend to elongate and resemble fibroblasts, but as has been said, Rickett- 
siae are present almost exclusively in those cells which are in contact 
with the subserous collagen layer, or, in other words, these cells 
which occupy the position of the original peritoneal lining cells. 
Whether this is because the proliferated serosal cells have acquired 
immunity from their infected antecedents, or because physical or 
chemical changes associated mth tlieir altered position make them 
unsuitable for the growth of the organisms, would seem to be an 
important question which we have not been able to answer. Fre- 
quently when the original or “basal” layer of serosal cells has become 
obscured by tlie reaction, it can be located under low power as a layer 
of cells filled with purple Rickettsiae, just outside of the dense sub- 
scrosal collagen. Figs. 3 and 4 show a localized area of serosal cell 
proliferation with Rickettsiae present only in the “basal” layer. 

The proliferated serosal cells at this stage are embedded in a fibrin 
clot. Lateral, tjq)ical collagen appears around these cells and the 
transition between fibrin and collagen is difficult to follow. Dissolu- 
tion of the fibrin and replacement of it by advancing granulation 
tissue is not seen. 

The fibroblasts beneath the serosa and elsewhere likewise contain no 
Rickettsiae, and no organisms arc found in fat cells, epidermis, smooth 
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phagocytic cells (Wolbach and Schlesinger (6)) but typhus Rickeitsm 
have not been shown to infect these cells. Experiments now in prog 
ress in this laboratory indicate that typhus Rickettsiae grow luxuri 
antly (for a time) in mesothelial cells in vitro, but are never found ir 
phagocytic cells. 

The above observations suggest very strongly that typhus Rickett- 
siae are likewise incapable of multiplying in fibroblasts. It is of coursf 
impossible to be sure that the fibroblasts in our material were ade- 
quately exposed to infection. Tissue culture work now in progress 
will, we hope, answer this question definitely. 

Study of Rickettsia prowazeki in sections has strengthened its posi- 
tion as an obligatory intracellular parasite. In smears one often finds 
large numbers of diffusely scattered extracellular organisms, but in 
view of the observations made on sections it seems necessary to con- 
clude that these organisms are spilled from cells which are ruptured 
in the process of making the smear. 

The observation that the Rickettsia e-conia.mmg serosal cells are 
essentially non-phagocytic is in agreement with the recent views on the 
origin of the peritoneal phagocytes. Cappell (7) recently found the 
serosal cells slightly phagocytic for carmine particles after repeated 
injection and believed that they might give origin to a certain number 
of the peritoneal macrophages. The absence of Rickettsiae from the 
phagocytic cells and the absence of ink particles from the RickeUsiae-- 
containing cells is regarded as evidence against the serosal origin of 
any important number of peritoneal phagocytes. 

SUMMARY 

1. A satisfactory method is described for the topographical study of 
Rickettsia prowazeki in sections of the scrotal sac of typhus-infected 
guinea pigs. 

2. In such sections Rickettsiae are always intracellular. 

3. Typhus Rickettsiae multiply luxuriantly in the serosal cells and 
produce great distention of these cells. 

4. Rickettsiae may be found in small numbers in the endothelial 
cells lining the underlying capillaries in the testes and scrotum, but 
are not seen in perivascular macrophages, connective tissue cells, fat 
cells, smooth or striated muscle fibres or epithelial cells. 
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EFFECT OF TESTICLE EXTRACT ON RED CELLS 


Method 

All experiments were carried out according to the following tech 
nique: 

Testicle and spleen extracts from rat, rabbit and guinea pig rvere prepared bj 
grinding the organs with sand in a mortar, and adding an equal weight of 0.9 pei 
cent salt solution. The resulting pulp was immediately centrifuged and only the 
supernatant fluid was used. Red cell suspensions were prepared as usual by 
centrifuging the defibrinated blood, aspirating off the serum and washing the cells 
three or four times in normal saline solution. After the last centrifugation, the 
preparations were brought to the original volume by the addition of normal saline 
solution. Both extract and red blood cells were used immediately, or at latest 
on the following day after remaining overnight in the ice box. 

Each experiment was performed by mixing 1 cc. of red cell suspension with I 
cc. of testicle extract. The mixture was incubated for 2 or 3 hours at 37°. As 
control a mixture of red cell suspension and normal saline solution was kept for 
the same length of time in the incubator. The mixtures were centrifuged and the 
supernatant fluid aspirated off. The red cells were then washed with sah’ne solu- 
tion and, after centrifugation, brought to 2 cc. with it. A drop of the suspension 
was added to 1 cc. of saline solution at various concentrations, 0.90 per cent, 0.85 
per cent, 0.80 per cent and so on down to 0.35 per cent. The control material 
was treated in the same way. 

The amormt of hemolysis of the red cells in each of the tubes was recorded, after 
they had been kept for about 30 minutes at room temperature and overnight 
in the ice box. 


Experiments with Testicle Extract 

In the first set of experiments, testicle extracts from rat, rabbit and 
guinea pig were tested against the red cells of each of these tliree 
species. The results with rat testicle extract are shown in Table I. 

Table II shows the result of the expei;iments with rabbit testicle 
extract. 

The results of the experiments with guinea pig testicle extract are 
shown in Table Ill- 

Tables I, II and III show that testicle extract considerably increases 
the fragility of red cells. The cells of each species are not, however, 
sensitive in the same degree to the action of testicle extract. 

These tests have been repeated several times, and the same results 
have always been obtained. It will be noted from these tables 
that the rat cells are little affected by any of the testicle extracts. 



Heynolysis Induced by Rabbit Testicle Extract 
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whereas guinea pig cells are greatly affected by all. Rat testicle 
extract is the most active in increasing fragility, and guinea pig extract 
the least active. In other words, within the limits of our observa- 
tions, the species giving the most active testicle extract has the least 
sensitive red cells. The following table summarizes the action of the 
various testicle extracts against the several kinds of red cells. 


TABLE IV 


Testicle extract 

Red blood cells 

Rat 

Rabbit 

Guinea pis 




-}-+++ 

Rabbit 

-1- 

+ 

+++ 

Guinea pig 

— ' 

+ 

++ 


TABLE V 


Hemolysis Induced hy Rat Sflcen Extract 


Salt concentra- 
tion, ptT ctnt 

B 

0.85 

0.80 

0.75 

B 

0.65 

B 

0.55 

0.50 

0.45 

0.40 

0.35 

Red cells of 
rat -f S. E. 


- 

1 

1 

- 

1 

+ 

++ 

; +-h 

1 

+++ 

+ + + 

+ + + + 

Control 

- 

- 

- 

- 

1 - 

1 - 

- 

— 



+4-4- 

++-f-+ 

Red cells of 
rabbit + 
S. E. 



1 




1 

-f + d- 


+ + + + 

++++ 

+ + + + 

Control 



- 

- 

- 

— i 




-b-f-h-b 

++++ 

+ +++ 

R.cd cells of 
guinea pig 
-hS. E. 




— 1 

1 




i 


4-f 

+++ 

+ ++ + 

Control 

— 


— 

— 


- 

- 

- 

- 

4- 

+ 

+ + + 


The action of rat testicle extract against guinea pig red cells is so 
intense that a direct hemolysis of the cells has consistently been found 
after incubation. Such hemoWsis has only occasionally been ob- 
served, and then only in a minor degree, in the case of mixtures of 
rabbit or guinea pig testicle extract with guinea pig red blood cells. 

Experiments with Spleen Extract 

The c.xpcriments of Duran-Rcynals (1) have shown that extracts of 
several mcsenchymatous organs and tissues yield results the opposite 
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of those with extracts of testicle. Instead of enhancing, they either 
do not modify or they inhibit infection. Spleen extract was notable 
in this respect, and hence the effect of spleen extract on red cells has 

TABLE VI 


Hemolysis Induced by Rabbit Spleen Extract 


Salt concentration, 1 
per cent 

0.90 





0.65 



0.50 

0.45 

0.40 

0.35 

Red cells of rat j 

— 1 

— 

— 

— j 

— 1 

— 







+++ 

++++ 

++++ 

+ S. E. 













Control ’ 

_ 1 

_ 1 

— 

— 

— 


— 

— 

— 

++ 

-] — 


Red cells of 
rabbit + 

— 

— 




— 

— 

— 

H — h+ 

-b-i-t-b 

++++i 

-1-1-1-+ 

S. E. 





! 



1 

1 




Control 

— 

-*• 

— 

, — 


: — 

1 “ 


+ 


-t-h-f-i- 

4-1-1-+ 

Red cells of 
guinea pig 


— 

_ 



“ 

— 


— 

++ 

+++ 

+-!-+ 

+ S, E. 













Control 

— 

— 

, — 

— 

— 

— 

— 

— 

— 

± 

+-b+ 

+++ 


TABLE VII 


Hemolysis Induced by Guinea Pig Spleen Extract 


Salt concentration, 
per cent 

0.90 

0.85 


0.75 

0.70 

0.65 

0.60 



0.45 

0.40 

0.35 

Red cells of rat 



— 

— 

— 

— 

— 

— 

-b-b 

-b-b-b 

+ + + + 

-b-b-b -b 

+ S. E. 




1 









Control 

— 

— 

— 


— 

— 

— 

— 

+ 

“1 — b 

-b-b-b 

-b-b-b 

Red cells of 
rabbit + 

— 

_ 1 

— 

— 

— 

“ 

-b 

+ 

-b 

i-b -b-b-b 

-b-b -b-b 

-b-b -b-b 

S. E. 













Control 

— 

— 

— 

! — 

— 

— 

— 

-b 

-b 

-| — 1 — b 

-b-b -b-b 

-b-b-b-b 

Red cells of 
guinea pig 

— 

— 

— 

; ^ 

1 ““ 

, — 

— 

— 

“ 

-b 

-b-b-b 

-b -b-b-b 

+ S. E. 













Control 

— 

j — 

— 


— 

— 

— 

— 

— 

— 

-b 

-b-b-b 


special interest. Several experiments have been carried out by the 
same technique used in the testicle extract experiments. 

Tables V, VI and VII show the results of the first series of experi- 
ments with spleen extracts. 
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The results of these experiments, as shown in Tables V, VI and VII, 
indicate in a general way that the action of spleen extract on red cells 
is very much less than that of testicle extract. Each of the experi- 
ments has been repeated four times, and the result’s have been con- 
sistent. Text-fig. 1 shows the average degree to which the limit of 




Bat 

spleen extract 
on tlood cells o{ 


Babbit 

spleen extract 
on blood cells of 


Guinea pig 
spleen extract 
on blood cells of 


Rat 

' Babbit 
Guinea pig 

Bat 

' Babbit 
Guinea pig 

Bat 

- Babbit 
Guinea pig 



fBat 

Controls < Rabbit 

[Guinea pig 

Text-Fig. 1. Average of the results of the experiments showing the effect of 
testicle and spleen extracts on the fragility of red blood cells of rat, rabbit and 
guinea pig. Shaded areas represent complete hemoh'sis; cross-hatch, partial 
hemolysis; blank spaces, absence of hemolysis. 



fragility is brought down by the action of testicle and spleen extracts, 
as indicated by the maximum salt concentration at which hemolysis 
is produced. 

In addition to the foregoing, another experiment was carried out to 
test the action of rat testicle extract against the red blood cells of three 
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normal human individuals. The extract sharply lowered the cor- 
puscular resistance in all three cases. 

In yet a third experiment with rabbit and rat red cells the effect of 
a purified bull testicle extract, which had proved very active in causing 
a spread of India ink through the subcutaneous tissue, was tested. 
The same lowering of corpuscular resistance was noted. 

Finally we endeavored to detect a possible effect of rat testicle 
extract on guinea pig blood in vitro, by injecting the extract intra- 
venously and comparing the normal resistance of the red cells with 
their resistance 2, 3 and 5 hours after the injection. No difference 
could be demonstrated. Negative results were also obtained when 
sheep blood cells, after a contact of 1 hour with r^t testicle extract, 
were added to fresh guinea pig serum, or, conversely, when they were 
added to rat testicle extract after having been sensitized by the specific 
amboceptor. 


DISCUSSION 

It can be concluded from these experiments that testicle extract 
definitely increases red cell fragility, this action being more or less 
intense according to the animal species to which either testicle or red 
cells belong. Whatever the mechanism of any process of hemolysis, 
in the final analysis it is always through a modification of the perme- 
ability of the red cells that hemoglobin escapes into the surrounding 
liquid. Testicle extract has plainly the power in vitro to increase this 
permeability. The observation gains in significance when consid- 
ered in the light of previous reports (1, 2, 5, 6), showing that testicle 
extract increases tissue permeability. That the factor which enhances 
the activity of infectious agents, the so called Reynals factor, is re- 
sponsible for these effects has yet to be proved. But all the evidence 
thus far collected is in line with the view that it is responsible, and 
that the Reynals factor enhances the effects of viruses and bacteria 
through the local changes in cell permeability that it brings about in 
the tissues of the host. 

The fact that spleen extracts have little or no power to lower the 
level of red cell resistance is consonant with the observation of Duran- 
Re>mals (1) that these extracts fail to enhance the infectivity of 
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viruses and bacteria, to increase the spread of inert particles through 
the tissues. 

Many authors have been interested in whether the spleen is endowed 
with hemolytic power. The problem is important from the point of 
view of the pathogenesis of certain forms of anemia and jaimdice, 
and also in relation to the much debated question of the origin of 
blood complement. A hemolytic power of the spleen has yet to be 
conclusively demonstrated. Korschum and Morgenroth (8), Donath 
and Landsteiner (9), Metschnikoff (10), Achard, Foix and Salin (11) 
and others have found in splenic extracts but a very slight hemolytic 
power, no greater than that shown by various other organs. How- 
ever, the technique generally used in these experiments was simply 
to mix spleen extracts and red cells and to observe whether or not 
hemolysis occurred. In our experiments spleen extracts were foimd 
to have only a very slight power of lowering corpuscular resistance. 

Others have noted — and we can confirm the observation — that 
occasionally spleens are found wWch exhibit a marked hemolytic 
power. Whatever the reason for this power, it does not compare wth 
that consistently shown by testicle extracts. 

CONCLUSIONS 

Testicle extract possesses a notable power to increase red cell 
fragility. Testicle extracts of the rat, rabbit and guinea pig all ex- 
hibit this property, which is most pronounced with the extract from 
the rat and least so with that from the guinea pig. 

Splenic extract does not possess the property, or possesses it only 
to a very slight degree. 

These results support the hypothesis that the factor in testicle 
extract which enhances infections (the Reynals factor) does so by 
altering the permeability of the host tissue. 
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PYOCYANINE, AN ACCESSORY RESPIRATORY ENZYME 


Procciwrc.— The following strains of the American Type Culture Collection 
were used: (1) Pseudomonas aeruginosa No. 97, Army hledical School, Washington, 
D. C.; and (2) No. 256 E. 0. Jordan, University of Chicago (Catalogue of Cultures, 
1928). The two strains behaved in ever}’’ respect identically. Cultures free 
from pigment, or producing only traces of the green fluorescent pigment were 
obtained at 30°C. in Blake bottles on lemco agar (0.3 per cent lemco, 0.5 per cent 
NaCl, 1 per cent Witte peptone, 2 per cent agar, pH 7.6). Cultures 15 hours to 
5 days old were used. 

The bacteria were swept off the medium and washed three times in the centrifuge 
with distilled water, and finally suspended in phosphate buffer (Sorensen). The 
suspension was made thoroughly homogeneous by filtration through paper and by 
shaking in a machine. A count of the bacterial suspension was not made as all 
measurements were comparative and hence the absolute quantity of bacteria was 
irrelevant. Therefore not the iheasured absolute values of respiration, but only 
the relative increases, are comparable for different experiments. 1 to 2 cc. of the 
bacterial suspension were placed in the main compartment of Warburg’s micro- 
respiration vessels. The small inner vessel was filled with 0.2 cc. of 6 per cent 
NaOH. Pyocyanine was purified by reciystallization out of chloroform and 
stocked in n/20 HCl. Before each e.xperiment the necessary amount of stock 
solution was adjusted to the proper pH (around 7.0) by the addition of secondary 
sodium phosphate. This dye solution was then added to the bacterial suspension 
in the proportion of about 1 to 10. The final molar concentration of pyocyanine 
was 1/5,000 M in all experiments. All the work was carried out under aseptic 
conditions. Aerobic and anaerobic test cultures produced at the end of the 
experiments showed, firstly, that the bacilli were still living and capable of repro- 
ducing, and, secondly, that no contamination with foreign microorganisms had 
occurred. 


RESULTS 

Effect of Pyocyanine on the Respiration of B. pyocyaneus . — All 
experiments showed unequivocally that the bacilli, suspended in an 
indifferent phosphate buffer, consume a small but definitely meas- 
urable amount of oxygen. Addition of pyocyanine increases this 
amount up to many hundred per cent as can be seen in Table I. 

Fig. 1 represents the results of a typical experiment. Control tests 
prove that under the conditions pyocyanine itself does not consume 
any oxygen. Only at strongly alkaline reaction, beyond pH about 
9.4, does pyocyanine oxidize spontaneously and irreversibly. 

Effect of Temperature . — The figures given above were found at 
temperatures ranging from 18-24°C. Elevation of temperature up 
to 37°C. increases the basic oxygen consumption of the bacteria alone. 
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The increase brought about by pyocyanine over this already increased 
respiration, is not so large as at the lower temperatures, but is still 
quite important: 29 per cent to 127 per cent. 

Effect of pH.— Fig. 2 shows that the increase of respiration induced 
by pyocyanine is about constant between the tested limits of pH, 5.3 



and # ./, The increase of the pyocyanine respiration obser\'ed between 
pH 5,3 and 7.2 parallels approximately the increase in the basic 
respiration of the bacteria alone. 

The Oxy\i;n7 Cof:suf?:ptton of Killed Bacilli . — Docs the excess con- 
sumption of ox\'gcn brought about by pyocyanine really signify an 
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increase in respiration of the living bacteria or does the extra oxygen 
serve only for the oxidation of some bacterial product, in the sense of 


TABLE I 

Oxygen Consumplion of Washed B. pyocyancus Suspended in Phosphate Buffer 


No. 1 

1 

pH 

1 

i 

Temp. ' 

Oxygen consumed 

Increased 

respiration 

With ^ 

pyocyaninc i 

Without 

pyocyanine 



“C. 

c.mm. 

c.vwu 

per cent 

1 

7.4 

21.4 

- 4 

- 51 

1,275 

2 

7.4 

21.4 

- 4 

- 41 

1,025 

3 

6.8 

22.3 

- 32 

-310 

970 

4 

6.8 

22.2 

-527 

-290 

550 

5 

6.9 

20.9 

- 4 

- 96 

2,400 
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-Pi 
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pyocyaninc 


Without 

pyocyaninc 


Fig. 2 


the accessorj" respiration {Nchmatmung) of Batelli and Stern (2)? 
Bacteria killed by 1 hour exposure to 56°C., or by the addition of tolu- 

















ERNST A. H. FRIEDHEIM: 


211 


ene did not show any oxygen consumption at all, either with or with- 
out pyocyanine (see Fig. 3). Therefore it may be concluded that 
pyocyanine affects actually the respiration {Eauptatmung) of the 
living bacteria. 



Effect pj Pypcyamnc on the Respiratory Quotient . — Is the incrca.'^e of 
respiration induced by pyocyanine purely quantitative or docs pyocya- 
ninc affect also the process of oxidation qualitatively? With a view 
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to elucidating this question the respiratory quotient was determined 
by the method of Warburg and Yabusoe (3). As shown in Table II, 
it was found that without pigment and even when appreciable amounts 
of oxygen are consumed, the formation of carbon dioxide is very small; 
but it is enhanced by the addition of pyocyanine to such extent that 
the respiratory quotient increases many times and approaches 1.0. It 
appears thus that the oxidations brought about by the bacteria with- 
out the pigment are to a great extent incomplete, but that they can 
be completed with its assistance. 

Of What Siibstances Is the Oxidation Catalyzed by Pyocyanine ? — 
Since in all the experiments described above the bacteria were freed 
through washing of all traces of the nutritive media, only such sub- 
stances as are part of the microorganisms can come under considera- 
tion. This conclusion is sustained by the analysis of the curves show- 


TABLE II 

Respiratory Quotient of Washed B. pyocyancus Suspended in Phosphate Buffer 


With pyocyanine | 

Without pyocyanine 

Temp. 1 

pH 



"C. 


0.77 

0.17 

22.2 

6.8 

0.9 

0.1 

20.9 

' 5.8 


ing the oxygen consumption as a function of time. As Fig. 3 shows, 
the curve for oxygen consmnption under the influence of pyocyanine 
progresses during the 1st hour in a straight line, i.e., the consumption 
is directly proportional to time, but thereafter it falls off more and 
more, the curve tending to become parallel to the abscissa. But, in 
the presence of an assimilable substance, such as glucose, asparagin, 
or pyruvic acid, the curve of oxygen consumption continues to pro- 
gress in a straight line (Fig. 4). It follows that the flattening of the 
curve just mentioned cannot be caused by a diminution of the partial 
oxygen pressure, but is the consequence of an exhaustion of oxidizable 
substances. Furthermore it cannot be that the oxidation of these 
added substances is catalyzed by pyocyanine because if they are added 
without pigment to the washed bacteria, the respiration also increases 
many times. Under such circumstances the subsequent addition of 
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pyocyanine does not appreciably increase the respiration which has 
already been enhanced. This falls in with the findings on the influ- 
ence of higher temperature reported in a previous paragraph. It may 



be concluded that pyocyanine docs not enhance respiration under all 
circumstances, but that it only catalyr.es the oxidation of certain un- 
known substances closely associated with the bacteria, perhaps bac- 
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terial lipoids and polysaccharides, or certain products of their 
disintegration. 

The Significance of Pyocyanine as a Respiratory Enzyme . — The fact 
that B. pyocyaneus has an appreciable oxidative metabolism even in 
the absence of pyocyanine tends to indicate that the latter does not 
play the main role in the respiration of the bacteria. Also further 
experiments show that pyocyanine is an accessory ferment, the effect 
of which is dependent upon the presence of one or several other respira- 



tory ferments, amongst which must be considered the cytochrome 
shown spectroscopically by Yaoi and Tamiya (4) to be present m 
B. Pyocyaneus. Their observation has been fully confirmed in the 
course of these experiments. 

In a test-tube experiment at pH > 5, the oxidation and reduction of 
leucopyocyanine is in no way impeded by carbon monoxide or bj' 
potassium cyanide. But, as shown in Figs. 5 and 6, these substances, 
known readily to form comple.xes with heavy metals, impede not only 
the basic respiration of the bacteria alone, but also the respiration due 
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The increase of respiration induced by pyocyanine is not specific 
for the species B. pyocyaneiis. It has been observed in varying degree 
with other microorganisms containing cytochrome, i.e., with staphy- 
lococci (Fig. 7) and pneumococci (Fig. 8); whereas with obligatory 



anaerobics such as B. tctani, which do not contain any cytochrome, 
pyocyanine had no effect. Furthermore, its effect is not restricted 
to bacteria only, but may be observed also with animal cells. Fig. 9 
shows the increase in respiration induced by pyocyanine in red blood 
corpuscles of the rabbit* 
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The fact that pyocyanine is to a large degree not species-specific 
makes reasonable the view that the characteristic properties which 
condition its significance as an oxidation catalyst are of a purely physi- 



cochemical nature, the decisive feature being reversibility. If this 
is so one may expect that any other reversible system of the same po- 
tential range would have the same biological eficct, granting that it 
has no other pro]>crt5es, such as solubility, permeating propensity, 
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toxicity, which might act as counteracting influences. Pyocyanine 
seems to be favored in respect to these secondary chemical properties 
by its low affinity for proteins and its high affinity for lipoids. Of the 



Time in hours 
Fig. 9 

synthetic organic oxidation-reduction s3’’stems methylene blue and 
indigo tetrasulfonate are closest to pyocyanine in their potential range. 
At pH 7.0 and 30°C. the normal potentials are: 


Indigotetrasulfonate 

P3'OC3’anme 

;Metb3'Iene blue 


-46 

-34 

+11 



C.mm, O2 
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Fig. 10 shows the comparative effect exerted by these three sub- 


stances in equal molecular concentrations 



on the respiration 


of B. pyocyanc'iis. Whereas indigotetrasulfonate with a potential 
range more negative than that of pyocyanine is devoid of effect the 
more positive methylene blue induces an increase of 30 per cent, and 
pyocyanine itself an increase of 440 per cent. In connection with the 
significance to be attributed to the value of the normal potential of 
the catalyst there is one obvious condition: It must be more positive 
than the reduction potential of the compound of which it catalyzes 
the oxidation. The findings just given would seem to indicate that 
the potential range of pyocyanine represents the lower limit of the 
potential range in which hydrogen can be accepted from the bacteria. 

The experiment witli methylene blue links this work with earlier 
observations showing that methylene blue enhances not only the 
respiration of acetone-treated yeast and staphylococci (Meyerhof 
(5)), but also the respiration of living cells as e.g. red and white blood 
cells, sea urchin and star fish eggs, and cancer cells (Barron and 
coworkers (6)). These observations disclosed the possibility of 
biological oxidations being catalyzed by autooxidizable hydrogen 
acceptors. The search for substances in the living cell whicli act like 
the artificial model, methylene blue, led to the isolation of two kinds of 
substances; First, a group having the character of reversible systems 
(echinochrome, hermidin) but not as yet proved to play an actual 
role as respiratory enzjunes of the living cell; second, the respiratory 
supplement discovered by Michaelis and Salomon (7) in extracts of 
various organs, especially liver, which has a mode of action not yet 
shown to be that of a reversible system. 


SUMMARY 

Pyocyanine, the blue pigment of B. pyocyaneus, can increase the 
respiration of living cells to a great degree (maximum observed increase 
24-fold). The reversibility of its oxidation and reduction is respon- 
sible for this. The effect is non-species-specific and has been observed 
in varjdng degrees with B. pyocyamiis, Staphylococcus aureus, Pneu- 
mococcus Type III, and the red blood corpuscles of rabbits. 

The effect of pyocyanine is dependent on the presence of another 
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BLOOD CHEMICAL CHANGES IN SEPTICEMIA 


(5)) ; inorganic phosphorus (Tisdall (6)) ; calcium (the Clark-Collip modification of 
the Kramer-Tisdall metliod (7)); non-protein nitrogen (Folin and Svedberg (8)). 

Rabbits were used. Doses of a 24 hour broth culture oi Streptococcus hcmoly- 
ticiis, varying in amount from 0.3 to 0.75 cc., were given in the ear vein. This 
organism is highly virulent for rabbits when given intrapleurally, as little as one 
ten-millionth of a cubic centimeter of a culture producing a rapidly fatal empyema. 
The same strain given intravenously is much less virulent, probably because when 
given by this route the organisms are brouglit direct^ in contact with tissues 
capable of destroying them. Hopkins and Parker (9), using a streptococcus viru- 
lent for rabbits, have shown that the lung and liver are particularlj'^ active in this 
destruction, and that only those microorganisms which lodge in the muscles 
continue to multiply. From tlie muscles the}’’ are washed out into the blood stream 
to give rise to the septicemia. 

A total of seventeen animals was used in the experiments. They fall into two 
groups, dei\ending upon the length of survival after infection. Those which died 
within 2 to 4 da5's are designated as having fulminating infections. The average 
length of survdval in this group -was 61 hours and the average dose 0.5 cc. Ten of 
the animals are included in this series. In the second group, which are designated 
as acute cases, the survival times averaged 6 days and the dose averaged 0.4 cc. 
The remaining seven animals are in this category. It is clear that the relationship 
between size of dose and survival time is by no means absolute. 

About 12 cc. of whole blood are necessary to complete tlie tests named above. 
As it would be injurious to the animal to take this amount of blood at short inter- 
vals during the course of a severe infection, not all the tests were done on any one 
animal at a given time. As a result it is necessai}'^ to present the data as averages. 

RESULTS 

The results of the determinations are given in Figs. 1 to 4, and tlie 
averages upon which the curves are based are shown in Table I. The 
abscissae represent fiftlis of the period during which the disease ran 
its course. In this way the acute type of infection is foreshortened in 
relation to the fulminating type, but it was thought that any disad- 
vantage arising from this method of representation would be com- 
pensated for by the greater ease in comparing the two curves. 

Blood Sugar. — Fig. 1. The averages for this constituent show that 
in tlie fulminating group the blood sugar drops at a rather constant 
rate throughout the infection. In the group of acutely infected ani- 
mals the drop does not begin until the disease has run about two- 
fifths of its course, but from that time on the glucose gradually lessens. 
Nevertheless, the levels reached in the terminal stages by both groups 
are not those at which a hypoglycemia can be considered present. 
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During the last part of the disease the rabbits do not eat, and it was 
considered possible that part of the fall in blood sugar might be ac- 
counted for in this way. The literature on the effect of starvation on 
rabbit blood glucose shows, however, that a curve such as this is not 
obtained in animals from which food is being withheld. On the con- 
trary a constant level of blood sugar is maintained for several days, 



Fig. 1. Average concentration of blood sugar in the blood of rabbits with acute 
and fulminating infections wath Streptococcus hcmolyticus, 

and tlie levels instead of decreasing steadily as in the streptococcus 
infected rabbits show increases and decreases throughout the period 
(Kiscli, Simons, and Wcyl (10)). 

Liver Glycogen . — In six animals, two of the fulminating and four of 
the acute U’pe, the liver glycogen was determined at dcatli. In no 
case was glycogen absent, and expressed as glucose, it varied from 1 to 
21,6 mg. per gram of liver, averaging S.l mg, for the scries. Such a 
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result might of course be expected in view of the nearly normal levels 
of blood glucose at death, although it has been shown (Linton (11)) 
that in acute trypanosome infections in rats the liver glycogen disap- 
pears at a relatively long period before death, while the blood sugar 
remains at a normal level until the agonal stage, when a severe hypo- 
glycemia is present. 



Fig. 2. Average carbon dioxide capacity in rabbits with acute and fulminating 
infections with Streptococcus hcviolyticus. 

Carbon Dioxide-Cotnbining Capacity . — The curves of the CO 2 ca- 
pacity are given in Fig. 2. In both groups an immediate drop oc- 
curs, to 46.0 volumes in the acute and to 41.5 in the fulminating 
cases, followed by a rise which brings the capacity back to the 
lower limit of the normal range of variation in the rabbit. This 
value persists through the remainder of the disease at a rather con- 
stant level, until the terminal stage is reached, when a second sharp 
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symptoms of disturbance of concentration of tliis element. These 
include weakness of the limbs during the terminal portions of the 
disease and a considerable degree of hyperexcitability. The average 
figure for the fulminating group, 9.3 mg,, shows a more severe change 
in this constituent in this group than in the acutely infected rabbits, 
where the terminal figure is 11.5 mg. While the general trend of the 



0 1-5 2-5 3-5 4"5 Terminal 


Duration, of disease 

Fig. 4. Average concentrations of non-protein nitrogen and creatinine in the 
blood of rabbits infected with Streptococcus hemolyticus. Combined data from 
fulminating and acute cases. 

curves is downward, it can only be concluded that the drop in calcium 
is a terminal phenomenon. 

Non-Protein Nitrogen and Creatinine . — ’These two constituents 
were determined as measures of kidney function (Fig. 4). As the 
curves show they remain at normal concentrations in the blood until 
late in the disease, at which time they show marked rises, reaching 
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in a briefer period. This difference may be due to the longer con- 
tinuation of the stage of uncompensated acidosis. . 

DISCUSSION 

It is evident that the results obtained may be explained on the as- 
sumption of a large amount of acid production in vivo by the strepto- 
coccus. The buffers of the blood respond to the introduction of the 
acid, at first by a relatively great drop, followed by the maintenance 
of a constant level. The addition of more and more acid does not 
change the reaction of the blood, nor the CO2 capacity. Finally, 
however, the buffer is exhausted and the addition of still more acid 
by the constantly increasing numbers of organisms brings on a state of 
uncompensated acidosis. 

This final drop in the buffer, and the accumulation of acid resulting 
therefrom, causes a severe injury to the kidneys, which shows itself 
in the accumulation in the blood of non-protein nitrogen and creati- 
nine. The inorganic phosphorus content also increases for the same 
reason, and as a result the calcium falls to abnormally low levels. 

' The fall in blood sugar may be accounted for by an actual direct use 
of glucose by the streptococcus, or indirectly by an injurious effect of 
the bacteria upon the liver. It is probable that both factors unite to 
produce the observed result. Further experiments are now in progress 
to determine more closely the cause of the lowering of the blood 
glucose. 

The immediate cause of death in this condition appears to be the 
severe changes occurring in the kidneys, changes which result from 
the production of acid by the microorganisms. 

SUMMARY 

The following changes have been found to occur in rabbits given 
fatal intravenous doses of Streptococcus liemolyticus\ 

The blood sugar concentration drops at a constant r&te throughout 
the disease, but does not reach a condition of hypoglycemia. 

Glycogen is present in the liver at death. 

The CO2 capacity is lowered markedly at first, then returns to a 
somewhat higher level, at which it continues until the terminal stage 
of the disease, when the acidosis becomes very marked. 
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AN EXPERIMENTAL STUDY OF '^MAD ITCH'' WITH 
ESPECIAL REFERENCE TO ITS RELATIONSHIP 
TO PSEUDORABIES 

By RICHARD E. SHOPE, M.D. 

{From the Deparlvient of Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton, N, J.) 

(Received for publication, May 6, 1931) 

INTRODUCTION 

In August of 1930 an outbreak of “mad itch" was observed in a herd 
of dairy cattle in Johnson County, lowa.^ In order to evaluate the 
experimental disease, an account of the clinical picture as observed in 
this herd will be given. The disease is so rare as to constitute a 
veterinary curiosity. 

There were twelve animals in the herd and of these nine succumbed to the 
disease. No evidence of illness was observed in the remaining three. The clinical 
course in the nine fatal cases was rapid and in all but one an extreme pruritus was 
the cardinal feature of the disease. A persistent and continuous licking of an area 
of skin somewhere on the hind quarters, most commonly between the udder and 
leg, and a sudden decrease in milk production constituted the first evidence of 
illness. After 2 or 3 hours of continual licking the area of skin would be completely 
denuded of hair and bright red in color. The condition was steadily progressive 
and the area of abraded skin became larger. The pruritus eridently increased in 
intensity for the animals would rub violently against posts, barbed wdre, gates, or 
any other convenient object, and w’ould bite and gnaw frcnziedly at themselves. 
By the end of 24 hours the buttocks and thighs were denuded, swollen and dis- 
colored, oozing a serosanguineous fluid, and the animals were usually down al- 
though still able to rise and walk unsteadily about. There was no temperature 
elevation at this time. Salivation and marked grinding of the teeth were obser\*cd 
in some cases. The animals became progressively weaker and died within 36 
to 4S hours after Uic first evidence of illness. Death was preceded by clonic con- 
cisions, \do!cnt tossing of the head, ci>'ing, and rapid shallow respiration. One 


^ Dr. bred J, Crow of Iowa City called my attention to this outbreak of “mad 
itch,* made the material available to me, and cooperated in the preliminary* field 
work. 1 thank him heartily. 



234 


EXPERIMENTAL “maD ITCH” 


of the nine animals had failed to show any evidence of pruritus. This animal 
was ill for 6 days and lay listlessly in the barn lot during this period. On the last 
day she developed clonic convulsions, salivated, ground her teeth, and died in 
much the same manner as the others. 

AUejnpts io Reproduce “Mad Itcld^ Experimentally _ 

Cerebrospinal fluid in a sterile container from one cow and portions 
of brain from three others in 50 per cent glycerine were brought 
back to the laboratory on ice. A period of 2 weeks elapsed between 
the time of the collection of this material and its inoculation. Samples 
of various specimens were injected subcutaneously and intracerebrally 
into rabbits, guinea pigs, rats, and mice. Only one was found capable 
of inducing recognizable disease, this being the brain from the cow 
that had failed to exhibit any evidence of pruritus and had survived 
longer than any of the other affected animals. 

Physiological salt solution suspensions of the effective brain when 
injected subcutaneously into rabbits reproduced the clinical picture 
of “mad itch” as seen in the cattle. 

After incubation periods usuallj'^ ranging from 50 to 75 hours the rabbits ap‘ 
peared uneasy and began biting and scratching mildl}’- at the site of inoculation. 
There was no temperature elevation at this time. The condition became pro- 
gressively worse and the biting and scratching more persistent and savage. The 
skin over the site of inoculation and over a large surrounding area was soon 
denuded of hair and abraded, and it oozed a serosanguineous fluid. As the animals 
became weaker, their attempts at biting and scratching were more feeble. They 
lay on their sides unable to rise, their respirations became rapid and in some cases 
noisy, and as a rule there was a marked temperature elevation. Death ensued 
from 6 to 24 hours after the first e\ddence of pruritus and it was preceded by loss 
of consciousness and mild clonic convulsions. 

This clinical picture has been produced regularly and in quite a large 
series of rabbits by the subcutaneous injection of either suspensions 
of the original cow brain or of brains of intracerebrally infected rabbits 
or guinea pigs. Four out of five attempts to infect guinea pigs by 
subcutaneous inoculation with tlie original cow brain were unsuccessful 
and tire material was also innocuous when administered subcutaneously 
to w’hite rats and white mice. 

Injected intracerebrally, the material produced a uniformly fatal 
disease in rabbits, guinea pigs, and white rats and mice. 
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Rabbits died in from 24 to 50 hours following inoculation and the period of 
actual illness was short. After an incubation period of from 20 to 40 hours the 
animals appeared nervous and excited and soon were observed to be blind. They 
became more excited and would sometimes run wildly about their cages butting 
their heads violently against the door. At other times they would retract their 
heads, lifting a front foot as though fearing attack. They frequently continued 
the retraction of their heads until they would rise on their hind legs and fall over 
backwards. No temperature elevation was to be observed until just before 
death when a marked rise occurred. Death was usually preceded by coma and 
rapid and sometimes noisy respiration. Salivation and grinding of the teeth were 
fairly constantly to be observed. 

The above picture has been produced regularly in rabbits by the 
intracerebral injection of the original cow brain or by the injection of 
suspensions of brains from intracerebrally infected rabbits or guinea 
pigs. No pruritus resulted following intracerebral inoculation. The 
symptoms observed in guinea pigs, rats, and mice following intra- 
cerebral inoculation were similar to those seen in rabbits but they were 
of less violent character and the periods of incubation and survival 
were greater. 

The disease induced in rabbits by the intranasal instillation of ''mad 
itch” virus deserves special mention in that it differed from that 
induced by cerebral or subcutaneous inoculation. 

For a period of 4 days following infection the am'mals appeared perfectly nor- 
mal, ate well, and exhibited no temperature elevation. On the beginning of the 
5th day the respiration of some of the animals was slightly accelerated and in one 
frequent sneezing was observed. The animals did not appear ill, however, and 
there was no temperature elevation. Death occurred suddcnl}' on the 5th day 
and without warning. At autopsy the most significant patholog>’ w'as found in the 
lungs. These ^Ycrc of a glistening purplish red color, hea\">', and filled with a 
scrosanguineous fluid. The bronchi and trachea usualh' contained an abundance 
of a blood- tinged frothy exudate and there ^Ycre many submucous hemorrhages. 

Both the clinical and the postmortem picture of the disease produced 
by the intranasal instillation of the virus are strikingly suggestive of 
a rather common bovine disease which, like "mad itch,” is generally 
classed as hemorrhagic septicemia. 

Gross Pathology 

The postmortem picture of cattle dead of the spontaneous disease was always 
the same. The skin over the thighs and buitoclcs was denuded of hair, dark, 
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leather-lilce, and smeared with a serosanguineous fluid. When the skin in these 
regions was incised a dark red, serous, and occasionally gelatinous material was 
encountered in the greatly thickened subcutaneous tissue. The underlj'ing 
muscle was not involved. The abdominal viscera, aside from a moderate conges- 
tion, appeared normal. The stomachs w^ere well filled. The lungs of some of the 
cows exhibited areas of an edematous t}TDe of congestion; the hearts of all were 
spotted with numerous petechial hemorrhages, and in all cases there w’as an excess 
of pericardial fluid. Aside from moderate injection of the meningeal vessels 
nothing pathological in the gross w^as encountered in the central nervous system. 
There w^as thus no gross anatomical cause of death apparent in the spontaneous 
cases. 

In rabbits inoculated subcutaneously, the skin in the region of the site of inocu- 
lation w^as denuded of hair, abraded, and moistened by a serosanguineous fluid. 
The underlying subcutaneous tissue w^as thiclcened, edematous, and blood3^ The 
regional lymph nodes were enlarged and congested. The stomach, intestines, 
and colon ^vere found to be well filled. The urinary bladder w^as, as a rule, greatly 
distended. The liver w^as strikingly of a ^‘nutmeg’' appearance. The spleen and 
kidneys were at the most no more than moderately congested. The heart \vas 
injected and at times spotted wdth petechial hemorrhages. The thymus was 
large, sometimes almost completely covering the heart, and was dotted wdth 
variously sized areas of hemorrhage. The lungs were a ghstem'ng purplish red, 
heav3% and on cut section exuded a serosanguineous fluid. The bronchi often 
contained a thin frothy mucus. Aside from a mild to moderate injection of the 
meningeal vessels nothing abnormal was encountered in the central nervous sys- 
tem. In contrast to the absence of gross lesions in cattle, the intensely hemor- 
rhagic pulmonar}'' edema could be readily held accountable for the death of ex- 
perimentally infected rabbits. The gross pathological picture presented by 
intracerebrally inoculated rabbits was the same as that outlined for subcutaneously 
inoculated animals except that the lesions of the skin and subcutaneous tissue 
w^ere absent. The postmortem picture presented by guinea pigs dead of experi- 
mental ^'mad itch’' was the same as that seen in rabbits except that the lesions m 
the skin and subcutaneous tissue 'were more extreme and the pulmonaiy lesions 
less marked. 

The histopathology will be reported later. 

Etiology 

As has been reported briefly elsewhere ( 1 ), no ordinary bacterial 
organism has been discovered in ''mad itch” materials of proven in- 
fectivity, by methods of culture and direct microscopic examination. 
On the other hand, suspensions of emulsified brain of intracerebrally 
inoculated rabbits when passed through Chamberland U and Berkc- 
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feld V, N, and W filters were effective in inducing the disease in rabbits. 
A summary of the results is given in Table I. 

In all but one of the filtrations (No. 7) infusion broth pH 7.3 was used as the 
vehicle in preparing the brain suspensions, but in this one case in which physio- 
logical salt solution was used no observable difference in the filtrabilit}’’ could be 
noted. In some of the experiments the brain suspensions were frozen and thawed 
before filtration. This procedure was unessential, for unfrozen suspensions fil- 
tered with equal facility. All suspensions were cleared of gross particles by centrif- 
ugation for 30 minutes before filtration. The moderately turbid supernatant 
fluid was then removed for use in the filtrations. To this was added 24 hour broth 
cultures of B. prodigiosus in the ratio of 1 cc. of culture to each 10 to 15 cc. of 
suspension to be filtered. 1.5 cc. amounts of the resulting filtrates were tested 
for sterility, as regards B. prodigiosus, in broth culture. All filtrates recorded in 
the protocol except Seitz Filtrates 2 and 3 were bacteriologically sterile. As can 
be seen from the table, time was an important factor in the passage of the virus 
through the finer pored filters. Out of five attempts at filtration through Berke- 
feld W filters, three filtrates in which the filtration was continued for only 2 
minutes did not contain virus demonstrable in the dosage employed, while two 
filtrates in which the filtration was continued for 12 minutes contained quantities 
of virus lethal for rabbits in ordinary dosage. Difficulty was experienced in the 
Seitz filtrations because of the facility with which these filters passed B. prodigiosus 
in infusion broth. In one Seitz filtration in which B, prodigiosus was retained by 
the filter the “mad itch” virus was not present in demonstrable quantities in the 
filtrate. Two other Seitz filtrations are difficult to interpret because while both 
permitted the passage of B. prodigiosus only one permitted the passage of virus 
in demonstrable quantity. Animals inoculated with filtered material were ade- 
quately isolated from animals receiving unfiltered material. 

The recording of the same animal in more than one experiment 
requires explanation. Rabbits negative in certain experiments have, 
after a period of observation of 2 weeks, been used over again in later 
experiments. The procedure may be questioned because of the possi- 
ble development of some immunity following the administration of 
sublethal doses of virus. However, in the experiments recorded m 
Table I no animal, negative in an earlier experiment, failed to develop 
^^mad itch” and die when later inoculated. This eliminates from 
consideration the possibility that in these experiments a confusing 
immunity had been set up as a result of the earlier use of the animals. 
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Neutralization of Virus with Immune Serum 

It has been possible to induce an immunity in a guinea pig sufficient 
to protect that animal completely against a subcutaneous dose of 
rabbit brain virus always lethal for unprotected guinea pigs. 

The procedure, in brief, consisted in the preliminaty subcutaneous administra* 
tion of the original cow brain virus which was capable of producing a fatal infection 
in only one out of five guinea pigs to which it was administered subcutaneously. 
The four guinea pigs that had been refractory to inoculation with cow brain virus 
were subsequently inoculated subcutaneously with rabbit brain virus known to 
be capable of inducing a fatal infection when administered subcutaneously to 
guinea pigs. Three of the animals died and the fourth (Guinea Pig 168) exhibited 
no evidence of illness. This fourth guinea pig has since been inoculated subcu- 
taneously seven times with various suspensions of rabbit brain virus of proven 
pathogenicity for guinea pigs, and has shown no evidence of illness following any 
of the inoculations. The animal has been bled repeatedly from the heart at suit- 
able intervals between inoculations with virus and the serum has been tested for 
its ability to neutralize virus. Typical experiments are recorded in Table II. 

In the virus neutralization experiments the mixtures were usually kept at room 
temperature for 2 hours and at refrigerator temperature overnight before inocula- 
tion into the test animals. This preliminary period of incubation was unnecessary, 
for virus mixed with immune serum just before injection, into guinea pigs, was 
apparently as completely neutralized. Neither w'as it necessary to have a rel- 
atively cell-free virus suspension to attain complete neutraUzation, for in a 
number of instances the coarse uncentrifuged brain suspensions were completely 
neutralized by small amounts of immune serum. With the use of smaller doses of 
virus and larger amounts of immune serum than are recorded in Table II, it has 
recently been possible to attain mixtures that were completely neutral for rabbits. 
It has also been found that mixtures neutral for guinea pigs when administered 
subcutaneously are also neutral when injected intraperitoneally. 

Routes of Infection 

Uniformly fatal infections in rabbits have resulted following sub- 
cutaneous, intracerebral, intravenous, intratesticular, intraperitoneal, 
and intranasal inoculation with the “mad itch” virus. Fatal infections 
result from small doses of virus (0.2 cc.) injected into the tip of the car 
and also from scarification through a drop of virus placed on a shaven 
area of skin. 0.001 cc. of the supernatant fluid of a centrifuged 10 
per cent suspension of rabbit brain virus was sufficient to induce 
U'pical fatal “mad itch” in a rabbit when injected subcutaneously, 
whereas 0.0001 of the same virus suspension failed to infect. 
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N aiiralizQtio7i Tests with Immune Guinea Fig Sera 



Amount 




Source of virus 

of 

Scrum 

Animal* 

Result 


virus 




1 



Rabbit 


Supernatant fluid of i 


1 cc, immune scrum 

99 

Died — 122 hrs. 

centrifuged sus- 1 


Guinea Pig 168 



pension of brains 

1 

0.5 cc. immune 

100 

“ —112 “ 

of Rabbits 87, 96, 


serum Guinea Pig 



and 97 

1 

168 

0.1 cc. immune 

101 

“ —103 " 


i 

i 

serum Guinea Pig 
168 




1 

1 cc. normal serum 

102 

“ — 74 



Guinea Pig 211 


Control 

Berkefeld N filtrate 

1 

2 cc. immune serum 

128 

Died — 174 hrs. 

of suspension of 


Guinea Pig 168 



brain of Rabbit 

1 

0.5 cc. immune 

130 

“ —113 “ 

110 


serum Guinea Pig 
168 

1 




1.5 cc. normal 

131 

<< —89 — 


1 

serum Guinea Pig 
211 

1 

Guinea Pig 

Control 

! 

Supernatant fluid of 
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Guinea pigs develop fatal infections uniformly following subcutane- 
ous, intraperitoneal, intratesticular, intracerebral, or intranasal inocu- 
lation with rabbit brain “mad itch'' virus. 

White rats and mice develop fatal infections irregularly following 
intraperitoneal inoculation, regularly following intracerebral inocu- 
lation, and are refractory to subcutaneous inoculation with the “mad 
itch" virus. 


Distribution of Virus in the Animal Body 

The “mad itch" virus tends to localize largely in the region of the 
site of inoculation and the lung. The brain of an animal inoculated 
intracerebrally will be regularly rich in virus, and the lung will also 
contain it. However, virus cannot be demonstrated in the heart 
blood, liver, and spleen. In animals inoculated subcutaneously 
virus is demonstrable in the bloody fluid of the subcutaneous tissue 
at the site of inoculation and in the lung, but it has not been demon- 
strable in the heart blood or spleen. Neither is it demonstrable 
in the brains of subcutaneously inoculated animals unless these 
animals have survived unusually long as the result of partial pro- 
tection by immune serum. It was present in the liver of one out 
of three animals examined. In animals infected intranasally the virus 
is found in both the lung and the brain but not in the liver or blood. 
As dependable sources of virus the brains of intracerebrally inoculated 
animals or the testicles of intratesticularly inoculated animals can be 
relied upon. In testing for the presence of virus in various tissues 1 
cc. of a 10 per cent suspension was uniformly the inoculum employed. 

Animals Susceptible to the ^^Mad Itch^^ Virus 

While most of our experience has been with rabbits, guinea pigs, and 
white rats and mice, we have tested some other species for susceptibility 
to the “mad itch" virus. The \drus, after fourteen serial intracerebral 
passages in rabbits was still capable of produdng a fatal infection when 
injected subcutaneously into its natural animal host. A calf inocu- 
lated subcutaneously with 1.5 cc. of a 6.6 per cent suspension of rabbit 
brain virus, after an incubation period of 4 days developed typical 
“mad itch" simulating in all respects the spontaneous disease as seen 
in the original cows in Iowa, The animal died after about 45 hours 
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of illness. The virus produced a fatal “itching” disease when inocu- 
lated subcutaneously into a cat. Gray field mice succumbed following 
intraperitoneal inoculation. Two ducks inoculated intracerebrally 
with the virus died after 4 and 18 days, and a suspension prepared from 
the brain of the first of these birds and inoculated in relatively small 
dosage subcutaneously into a rabbit resulted in a typical fatal “mad 
itch.” One duck inoculated subcutaneously failed to develop any 
evidence of illness. The virus was innocuous for chickens when 
administered subcutaneously or intratracheally but following intra- 
cerebral inoculation fatal infections resulted in two out of three cases 
in 6 and 11 days. A suspension prepared from the brain of the first 
of these chickens and injected in relatively small dosage subcutane- 
ously into a rabbit resulted in typical fatal “mad itch,” proving the 
etiological nature of the disease to which the chickens had succumbed. 
Two swine inoculated subcutaneously with the virus became ill. 
No pruritus was observed in either animal. One animal developed 
what appeared to be an acute encephalitis. It lay on its side unable 
to rise, had clonic convulsions, and salivated. After a day of this it 
began to improve and could rise again although its hind quarters 
were weak and its gait unsteady. Recovery was finally complete. 
The course of the disease had been entirely afebrile. The other swine 
exhibited no evidence of active central nervous system involvement. 
It lay listlessly in its pen, did not eat, and was febrile for 6 days. Its 
recovery was uneventful and complete. From the clinical picture 
alone it would have been impossible to state definitely that the disease 
which developed in either hog was the result of infection with the 
“mad itch” virus. To obtain information on this point, blood serum 
from both animals after they had completely recovered was tested for 
virucidal properties, using as the control serum a sample of blood 
serum obtained from one of the swine prior to inoculation with the 
“mad itch” virus. 

The results of this virus neutralization are given in Table III. 

The virus-serum mixtures recorded in Table III were allowed to 
stand 2 hours at room temperature and 20 hours at refrigerator tem- 
perature before inoculation into animals. Consideration of the data 
indicates that, in the dilutions used, both samples of convalescent 
swine serum completely neutralized the “mad itch” virus whereas the 
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senim from one of the animals obtained before its inoculation with 
“mad itch” virus was devoid of virus-neutralizing properties. It 
therefore seems clear that the disease which developed in the swine was 
actually due to the injected “mad itch” virus and that swine are sus- 
ceptible to the virus although more resistant than other species tested. 
Such a fact suggests the possible existence of a swine disease due to 
“mad itch” virus. It seems probable that a potent virucidal serum 
can be got from swine. 

No definite information concerning the susceptibility of man to 
infection with the “mad itch” virus has been obtained during the 


TABLE m 

N eiitralization Experiments with Convalescent Swine Sera 


Virus - 10% 
suspension brain 
Rabbit 148 

Serum 


Result 

cc. 

1 

0 

249 

Died — 65 J hrs. 

1 

1 cc. normal serum Swine 810 

248 

« ->70 '' 

1 

1 '' '' « « 810 

238 

« —78 “ 

1 ' 

1 cc. convalescent scrum Swine 810** 

239 

No symptoms 

1 

1 “ “ « “ 810** 

246 

(I tt 

1 

j « « tt u 772*** 

237 

<t tt 

1 

j « « tt 772*** 

247 

i( (( 


* All animals inoculated subcutaneously. 

** Serum drawn 17 days after inoculation. 
*** Scrum drawn 28 da 3 ^s after inoculation. 


investigation. The writer and his helper have used ordinary' precau- 
tions in handling infectious material but as autopsies have occasionally 
been done without gloves the bare but relatively intact skin of the 
hands has come in intimate contact \srith material of known infectivity 
without any' untoward result. The violence of the disease, its uni- 
formly' fatal outcome, and the wide variety of species susceptible to it 
provide sufiicient reasons for caution during work udth it. 

Contagiousness of Experimental *^^^ad ItcE^ 

In a test of the contagiousness of experimental “mad itch” in rabbits, 
a doc and her litter of four were used, representing as intimate a form 
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of contact as was attainable under experimental conditions. All were 
in the same cage. The young were 22 days old at the time of their 
mother’s infection and not completely weaned altliough they ate freely 
of the rations furnished the motlier. The doe received 0.2 cc. of a 10 
per cent suspension of rabbit brain virus subcutaneously in the tip of 
one ear and after an incubation period of 58 hours developed t}’pical 
“mad itch.” Pruritus and self-mutilation w^ere limited to the inocu- 
lated ear and the side of the head. The animal died after an illness 
of 8 hours. No disease developed in any of the young rabbits during a 
period of observation of 2 weeks following their mother’s death. They 
were all then tested for susceptibility by inoculation subcutaneously 
and all succumbed to the “mad itch” virus. Three otlier experiments 
have been conducted in which normal rabbits have been kept in cages 
with intranasally infected rabbits and in no instance has disease de- 
veloped as a result of contact. 

No attempt has been made as yet to determine how the disease is 
contracted in the field. It may be of significance that on the farm 
where the outbreak of “mad itch” was seen in the dairy cattle there 
had been a highly fatal epizootic of some sort among the rat population 
the preceding week. HoAvever, no rat carcasses were available for 
examination and no live rats could be found on the place at tlie time 
that the cattle were sick. 

Viability of Virus when Glyccrinated or Dried 

Infectious rabbit brain stored in 50 per cent glycerol at refrigerator 
temperature still contains active and only slightly attenuated virus 
after 154 days. Similar infectious material frozen and dried by 
Swift’s method (2) still contains active virus after 106 days’ storage. 
Dried or glyccrinated material has not been tested after longer periods 
of storage. 

The Relationship of “Mad Itcld' and Pseudorabies 

The clinical picture of “mad itch” is very suggestive of pscudorabics, 
first described by Aujeszky (3). In fact, only after some experimenta- 
tion did any doubt arise that we were dealing with the latter. "White 
(4) in a text-book of veterinary medicine has classed “mad itch” as 
synonjnnous with pseudorabies but on no experimental basis. By 
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veterinary practitioners it is frequently considered a form of bovine 
hemorrhagic septicemia and, as such, treated unsuccessfully. 

Professor Aladar Aujeszky of the Ungarische Tierarztliche Hocli- 
schule, Budapest, has kindly furnished me with a Hungarian strain 
of pseudorabies virus for the purpose of comparing the disease with 
'^mad itch.^’ 

Pruritus localized to the region of the site of inoculation is the cardi- 
nal symptom after the subcutaneous inoculation of rabbits with either 
the ^^mad itch^’ or the pseudorabies virus. The incubation period and 
the period of survival following the onset of symptoms are the same 
with both viruses. Animals inoculated with pseudorabies virus 
exhibit more symptoms referable to central nervous system involve- 
ment and have a more ''rabid” appearance than animals infected with 
"mad itch.” Otherwise there are no observable differences in the 
clinical pictures. The findings at autopsy in an animal dead of "mad 
itch” are identical with those due to pseudorabies. 

The distribution of virus in the body of an animal dead of "mad 
itch” differs vddely from that in pseudorabies. Aujeszky (3), 
Schmiedhoffer (5), Zwick and Zeller (6), Sangiorgi (7), Carini and 
Maciel (8), and Isabolinsky and Patzewitsch (9) agree that the pseudo- 
rabies virus can be demonstrated not only in the local lesion but also 
in the brain, blood, and all highl}'' vascular organs; it is a septicemic 
virus. The observation has been confirmed in this laboratory. In 
"mad itch,” however, the virus is relatively localized, as indicated 
earlier in the paper. 

Data concerning the filtrability of the etiological agent of pseudo- 
rabies are contradictory, and consideration of the literature would 
indicate that the virus is filtrable only with difficulty and irregularity 
at the best. Schmiedhoffer (5) found that the etiological agent w’as 
capable of passage through coarse pored filters which, however, re- 
tained JS. colij rotlauf, and fowl cholera bacilli. Sangiorgi (10), using 
a Brazilian strain of the disease, was irregular!}’' successful in passing 
the virus through Berkcfcld filters N and V. Aujeszky (3), Zvrick and 
Zeller (6), Isabolinsky and Patzewitsch (9), and Bertarelli and I^Iclli 
(11) were unsuccessful in filtering it. In a single filtration experiment 
conducted in this laboratory with pscudorabics, the ^drus has been 
found capable of passage tlirough a Berkcfcld filter of N porosity. 
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For this filtration brain tissue from an intracerebrally inoculated rabbit 
was suspended in infusion broth of pH 7.3 and frozen and thawed twice 
before filtration. All of the recorded attempts to filter the pseudo- 
rabies virus were carried out prior to 1914, that is to say prior to the 
recent advances in methods and technic in filtration. 

Among the laboratory animals, rabbits are stated to be more sus- 
ceptible to pseudorabies than guinea pigs, and guinea pigs in turn 
are more susceptible than white rats and mice (3, 5, 6). This same 
order of degree of susceptibility is true of “mad itch.” However, 
Zwick and Zeller (6) found that rats were refractory to intraperitoneal 
inoculation with the pseudorabies virus, whereas in my experience the 
intraperitoneal injection of the “mad itch” virus almost always results 
in a fatal infection. Also chickens are considered insusceptible to 
infection with pseudorabies (3, 5, 6), but they succumb quite regularly 
to intracerebral inoculation with “mad itch” virus. Swine are stated 
(5) to be insusceptible to pseudorabies. They develop a non-fatal 
disease following inoculation with “mad itch” virus. Von Ratz (12), 
however, has observed pseudorabies in wild swine. 

Aujeszky (3), Zwick and Zeller (6), and Schmiedhoffer (5) agree that 
pseudorabies is not contagious. “Mad itch” has proved not conta- 
gious even on intimate exposure, as the present paper shows. 

Experimental infection with “mad itch” and pseudorabies can be 
induced by the same routes. However, Schmiedhoft'er (5) has stated 
that intranasal inoculation of the pseudorabies virus proved innocuous 
unless the nasal mucous membrane was injured. The “mad itch 
virus, on the other hand, regularly induces fatal infections when placed 
upon the intact mucous membrane of the nose. Using Aujeszky s 
strain of pseudorabies we have been successful in infecting a rabbit 
intranasally in the absence of any injury to tlie nasal mucosa. 

It has been possible to obtain virucidal sera from both guinea pig 
and swine by the injection of the “mad itch” virus, and these sera are 
capable of completely neutralizing \’irulent “mad itch” virus as shown 
by the inoculation of mixtures of \’irus and serum into guinea pigs or 
rabbits. The virucidal swine serum is true convalescent serum while 
that from the guinea pig has been obtained without inducing any 
obser\’able illness in the source animal. With a view to determining 
the relationship of the “mad itch” and pseudorabies viruses cross- 
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shown to be a filtrable virus. It has been possible to prepare virucidal 
serum capable of neutralizing the virus. Fatal infections are regularly 
produced in rabbits when the virus is administered subcutaneously, 
intracerebrall)'-, intravenously, intratesticularly, intraperitoneally, 
intranasally, or when it is dropped on a scarified area of skin. Its 
infectivity for other species by various routes is reported upon. The 
rabbit, guinea pig, white rat, white mouse, gray field mouse, cow, cat, 
duck, chicken, and hog are susceptible to experimental infection. . The 
disease is not contagious under laboratory conditions and the virus is 
restricted in the animal body largely to the region of inoculation and 
the lung. The virus can be stored for relatively long periods in 50 
per cent glycerol or in the dried state. 

A comparison of “mad itch’’ with pseudorabies leads to the tentative 
conclusion that the inciting agents of both are the same, although the 
strains of the two viruses that are under study possess readily demon- 
strable differences 
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Research in the field of hypersensitivity has been largely concerned 
with the reactions of animals which have been rendered generally 
sensitive by the parenteral introduction of a foreign protein. Certain 
experimental work, however, and a considerable amount of clinical 
experience has indicated that, under appropriate conditions, local areas 
of an animal body may become acutely sensitive to contact with a 
foreign protein while the remainder of the animal participates little 
or not at all in this local reaction. An early observation in this regard 
was that of Mackenzie and Hanger (1) who demonstrated that areas 
of skin previously injected with living streptococci became red and 
swollen if the same material was reinjected into other skin areas at 
subsequent periods. 

The purpose of this work was the further investigation of the pos- 
sibility of actively sensitizing local portions of the animal body. 

From a review of previous attempts to produce local h>"persensitive- 
ness it seemed that the critical requirement was the maintenance of a 
set of experimental conditions which would keep antigen in juxta- 
position with body cells for a rclativ^ely long period of time. The 
structure of the anterior chamber of the eye presents a feature which 
probably allows this condition to be fulfilled. ^Ye had observ'cd that 
heterologous crytlirocytcs when injected into the anterior chamber 
of tlie rabbit’s eye would persist for several days. On this account 
tlic anterior chamber of the eye was the initial area chosen to test for 
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the production of local hypersensitivity. The experiments reported 
here have shown that the anterior chamber of the rabbit eye is one 
of the sites in which local organ hypersensitiveness can be produced. 

Method 

The experimental method which has been briefly described in a 
previous communication (2) was as follows: 

The animals used were for the most part albino rabbits. The albino rabbit 
was preferable because hyperemia of the iris and slight changes in the opacity 
of the anterior chamber fluid or cornea were more readily detected. For antigen 
a large number of proteins were employed, either singly or in mbetures containing 
as man}^ as ten substances. These antigens may be divided into two groups. One 
group consisted of non-noxious, relatively indifferent agents such as the aged 
serum or red blood cells of other species of animals, egg albumen, and casein. The 
second group consisted of bacterial bodies, their fractions, and their products. 
In this paper, with one exception, only the experiments carried out with non- 
noxious agents, such as foreign sera, will be described. The sensitization of an 
animal was accomplished by the preparation of one anterior chamber only, except 
where a special experiment called for the use of both eyes. This left the unpre- 
pared eye as a control. To inject the anterior chamber with a sensitizing dose 
of antigen, 4 per cent cocaine was first dropped into the conjunctival sac. The 
animal was then held by an assistant and approximately 0.25 cc. of anterior 
chamber fluid removed. This was accomplished b}'’ inserting a 27 gage h}T50- 
dermic needle, with tuberculin syringe attached, tangentially into the anterior 
chamber at the limbus.* Without removing the needle the syringe was exchanged 
for one containing the foreign protein. Quantities of foreign protein varying 
from 0.1 to 0.25 cc. were injected into the anterior chamber through the same 
needle. The actual quantity of any one antigen so injected depended on the 
number of antigens which were mixed together to form the sensitizing dose. For 
example, in one experiment 0.15 cc. of a 40 per cent saline suspension of fresh egg 
white was used, which represented 0.06 cc. of undiluted egg white. In another 
experiment, 0.2 cc. of a mixture of foreign proteins consisting of citrated guinea 
pig, sheep, and pigeon blood, horse serum, 1 per cent casein, 5 per cent egg white, 
and an anhemolytic streptococcus vaccine was employed. Considering each 
blood as composed of two antigens, serum and red cells, this made a total of ten 
different antigens and a total volume of 0.02 cc. or less for each individual antigen. 

The replacement of anterior chamber fluid by such foreign substances caused 
an immediate sterile inflammation of the iris and conjunctiva w'hich persisted 
from 2 days to a month and varied in intensity, depending on the quantity and 

* We are indebted to Dr. Lloyd Morgan of the Ophthalmology Department at 
Presbyterian Hospital who demonstrated the method to us. 
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suspension of guinea pig red blood cells into the right anterior chamber, 
two received 0.15 cc. of a 40 per cent saline solution of fresh egg white 
and one animal was similarly prepared with physiological saline 
solution. 13 days later the intravenous injection of guinea pig red 
blood cells or fresh egg white produced an eye reaction in only those 
animals injected in the eye with the homologous antigen. Fig. 1 
illustrates the reaction. 

We have arbitrarily recorded the reactions as of 1, 2, 3, or 4 plus 
intensity depending upon the amount of hyperemia which develops in 
the vessels of the conjunctiva, sclera, and iris. Thus the inflamed 
eye B recorded in Fig. 1 shows what we term a 2 plus reaction whereas 
eye D shows a 3 plus reaction. In describing the reactions hereafter 
they will be referred to as exhibiting 1, 2, 3, or 4 plus intensity, or in 
the case of mild hyperemia they may be spoken of as i or | plus 
reactions. 

The results of the experiments just described appear to show that 
the reaction is a specific one and not dependent upon preliminary 
injury to the eye. Further evidence in this regard is that adduced 
from observations in which it was found that anterior chambers in 
which an initial tissue injury had been produced with typhoid vaccine 
would not respond subsequently when the various proteins used 
for sensitization in the eyes of the other animals were injected 
intravenously. 

Another experiment which demonstrated that non-specific injury 
to an eye would not cause it to become inflamed upon intravenous 
injection of a foreign protein was carried out with iodine, albolene, 
saline, and glycerine. Each of these substances, separately, was 
injected into the right eye of four series of three rabbits each. During 
the 3rd week after this preliminary injection, when the eyes had 
returned to a non-inflammatory condition, 1 cc. of 20 per cent fresh 
egg white, and 5 days later, 0.8 cc. of a 33 per cent suspension of 
guinea pig red blood cells were injected intravenously into these 
twelve animals. These injections failed to produce any hyperemia 
or other discernible reaction in the eyes which had been prepared with 
the non-antigenic irritating substances. 

Throughout most of the experiments in which at least 1000 eye 
reactions have been obser\’ed, the contralateral eye has acted as a 
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control for the reacting sensitized eye. In nearly all instances the 
control eye has failed to react in the presence of the opposite reacting 
eye. However, in a small number of instances the non-sensitized 
eye has shown very slight vasctdar response, particularly when the 
sensitized eye was exhibiting a marked inflammatory response. The 
infrequency of this result and the slight nature of the response in the 
normal eye failed to cause any difficulty in the evaluation of the 
phenomenon. The significance of the slight reaction in the contra- 
lateral eye is not as yet clear. 

Wessely (3) found that after the injection of horse serum into the 
rabbit cornea a local reaction appeared which subsided in 48 hours. 
2 weeks later a spontaneous relighting of the same cornea appeared. 
In our experiments we have noted the spontaneous inflammation of 
the eye only in rare instances. It is very transient, of slight degree, 
and apparently does not recur significantly thereafter. 

Types of Desensiiization 

Repeated intravenous injections of the same antigen resulted in a 
much decreased to absent local eye reaction. We interpreted this 
failure of response as a desensitization phenomenon. Usually desensi- 
tization did not prove to be permanent, although in one animal massive 
injections of antigen did finally suppress the eye reaction. The two 
following protocols illustrate types of desensitization and the first is 
typical of several similar observations. 

Rabbit 103 on Dec. 30, 1929, received 0.1 cc. of a 30 per cent suspension of fresh 
egg white into the left anterior chamber. On Jan. 2 and every day thereafter 
through Jan. 10, the animal received 1 cc. of a 30 per cent suspension of fresh egg 
white intravenously. The first three infections on Jan. 2, 3, and 4, produced no 
reaction in the eye; but the injections on Jan. 5 and 6, 6 and 7 days respectively 
after the animal’s initial sensitizing injection, produced just barely perceptible 
hj'pcrcmia, while the injection given on Jan. 7, the 8th day after sensitization, 
provoked a 1 plus injection with 1 plus edema and lacrimation in 1 J hours. The 
following day there was only i plus response to the intravenous injection of egg 
white and on the 10th of January, the injection produced no response. The 
rabbit’s eye had, therefore, been able to respond with hx^peremia, edema, and 
lacrimation of a moderate degree, following intravenous injection of the antigen, 
despite the fact that it had received three daily injections of the same antigen 
intravenously in the incubation period of sensitisaty. But subsequent injections 
were again without appreciable cfiect. 17 das's later another similar intravc.nous 
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injection elicited a f plus reaction. In another 17 days another intravenous injec- 
tion produced only a ^ plus reaction. 5 days later, on Feb. 18, 5 cc. of the egg 
white suspension was given subcutaneously and produced, as might have been 
expected, an Arthus phenomenon in the skin, but no eye response. About 3 
weeks later, on Mar. 13 and 17, the animal was given 5 and 7.5 cc., respectively, 
of the egg white intraperitoneally with J plus reaction on the 1st day and J plus 
reaction on the 2nd day. The animal was now allowed to rest for over 4 months 
and was then retested with an intravenous injection of 2 cc. of a 25 per cent suspen- 
sion of fresh egg white. The eye responded with a f plus reaction and slight 
amount of edema. 

It appears, therefore, that the degree of sensitivity produced in the 
rabbit’s eye can be diminished by repeated injection of this antigen. 
With overwhelming doses of the antigen it can apparently be com- 
pletely suppressed, as the following protocol illustrates. 

Rabbit 102 (Rabbit B of Fig. 1) received 0.15 cc. of guinea pig red blood cells 
into the right anterior chamber on Dec. 13, 1929. This animal responded with a 
2 plus injection, edema, and lacrimation on the 26th of December, 5 hours after the 
intravenous injection of 1 cc. of a 40 per cent suspension of the homologous red 
cells. From Dec. 28 through Jan. 10, the animal received similar dail}' intrave- 
nous injections. The response decreased to only plus on the 31st, but on Jan. 1st 
was again 2 plus. This sudden reacquisition of sensitivity slowly decreased again 
until on Jan. 9 there was no further response to the antigen. In Februaty and 
March the animal was given multiple injections of guinea pig red blood cells 
amounting to a total of 44 cc. of a 10 per cent suspension in an attempt to produce 
a high titered lytic serum for guinea pig cells. The sensitized e3'e did not react 
at any time during this course of treatment. 4J months later an intravenous 
injection of 2 cc. of 30 per cent cells failed to produce any effect in the sensi- 
tized eye. 

This desensitization is not due to the long interval of time which 
elapsed between sensitization and the final testing for reactivity of the 
eye, for many animals which have received only a few intravenous 
injections of the antigen are stiU sensitive after 8 months. 

If adrenalin is administered intravenously when the local eye reac- 
tion is at its height an almost immediate and characteristic effect is 
noted. In three animals in which the reacting eyes e.xhibited con- 
junctival injection, slight chemosis, and lacrimation, the intravenous 
injection of 0.2 cc. of adrenalin 1:1000, was followed by an almost 
immediate blanching of the inflamed conjunctiva and a progressive 
diminution of the edema and lacrimation. In tw'o of the animals a 
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Graph 1. Rabbit 22-91. Prepared June 12, 1929, by the injection of 0.2 cc. 
of multiple antigen into the anterior chamber of the right eye. The multiple 
antigen consisted of horse serum, guinea pig blood, sheep blood, pigeon blood, an 
anhemolytic streptococcus vaccine, 1 per cent casein solution, and fresh egg white. 

The inflammatorj' reactions in the eye incident to the im’tial injection into the 
eye and the subsequent intravenous injection of fractions of the antigen arc 
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diagrammalically represented as of 1 plus (+), 2 plus (-r-f), 3 plus (-f -f-f), 
or 4 plus (4*4-4**^) intensity. Points of note on the graph are: (1) the eye 
response to a single intravenous injection of antigen; (2) the sustained nature of 
the inflammalon* reaction following the daily injection of different fractions of 
the multiple antigen; (3) the diminished to absent response following the repeated 
daily injection of the same antigen; and (4) the return of sensitivity after a long 
rest period. 
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guinea pig, sheep, and pigeon blood, an anhemolytic streptococcus vaccine, 1 
per cent casein, and fresh egg white. A few hours after the injection the eye was 
intensely h}Tpereniic and there was some edema of the conjunctiva and lacrimation. 
The h)T>eremia is arbitrarily designated upon the graph as of 1 plus, 2 plus, 3 plus, 
or 4 plus intensity. This initial inflammation completely subsided so that on the 
1st of July the eye appeared practically normal. On July 2 it can be seen from the 
graph that an intravenous injection of 1 cc. of horse serum produced a hj^eremia 
of 2 plus intensity. 

From the graph it will be seen that the sensitized eye reacted to the intravenous 
injection of all the ingredients of the multiple sensitizing antigen except casein. 

Although specificity had already been proved for an animal sensitized with a 
single antigen, to control the specificity of the reaction in this new experiment, 
human plasma, human red blood cells, and gliadin, substances not in the sensi- 
tizing multiple antigen, were used. Following the intravenous injection of human 
plasma, the sensitized eye showed a momentar}^ blush which faded within a half- 
hour. Two subsequent readings that day were negative. There was an unex- 
plained 1 plus injection of the eye the next day. This is one of two animals of the 
series of ten animals similarly injected at this time which showed a reaction to 
human plasma. Human red blood cells and gliadin injected intravenously pro- 
voked no reaction in the sensitized eye. 

On Sept. 6, about 3 months after sensitization, the animal ^Yas injected intra- 
venousty on successive days with the various constituents of the multiple antigen. 
It may be noted that on the whole the eye responded with more marked h}’perenua 
now, 3 months after sensitization, than p^eviousl 3 ^ From Sept. 6 to 14 there was 
a continuous inflammation except for 1 day^s rest. On Sept. 14 the intravenous 
injection of the same antigens was repeated again. The inflammation produced 
b}’' this rapid repetition of the exciting stimulus was less intense than during the 
previous week. After a rest of over 3 weeks this desensitization process was car- 
ried further by the repeated daily injections of a single ingredient of the antigen, 
guinea pig red blood cells, until no further response in the eye was elicited. After 
another rest of 4 weeks, however, intravenous injection of guinea pig red blood 
cells again produced a mild h>'peremia. 

Diiraiion of State of Sensitivity 

If animals writh sensitized eyes are not utilized for 2 months, intra- 
venous injection of the homologous antigen at that time produces a 
t}q^ical local eye response. It is reasonable to suppose that the 
interval betw^een the sensitizing and the initial shocking date may be 
much longer. This can be inferred not only from the fact recorded 
above, but also from the fact that an animal which has been sensitized 
wdth a multiple antigen and then shocked many times by the repeated 
intravenous injection of the factors of that antigen will still give an 
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eye reaction at least 8 months after sensitization. These reactions 
obtained many months after sensitization by repeated intravenous 
injections are, with few exceptions, not as severe as the original reac- 
tions. However, as already pointed out, permanent, complete desen- 
sitization has occurred only under those conditions in which massive 
doses of antigen have been injected. 

Variability of Eye Reactions in Different Rabbits 

If the experimental animals were in good health and had been ade- 
quately fed and watered, it was rare to find a rabbit which failed to 
react, at least to a slight degree, to some of the shocking antigens. 
Although a completely negative reactor was only occasionally encoun- 
tered in a series of about 200 rabbits, it was found that reactivity 
diminished or disappeared if the animals were suffering from ear 
canker, diarrhea, snuffles, or skin disease. 

From a survey of the degrees of inflammatory response in the 
actively sensitized eyes it is apparent that the rabbits may be divided 
into three groups. A small group consists of animals who are excellent 
reactors. This group maintains its sensitivity for many months and 
resists desensitization measures. A second group which makes up 
the majority of the series, consists of moderate reactors whose response 
may vary over rather wde limits and whose ability to react becomes 
spontaneously diminished over a period of months. It is in this 
group, particularly, that one observes that eyes which have been 
sensitized to the multiple antigen exhibit a different response to the 
various ingredients of the antigen when given intravenously. This 
variation of response to different antigens is not a constant feature 
nor can it be evaluated from the present series. Some animals may 
react better to guinea pig red blood cells than to guinea pig plasma 
early in their experimental life, only to have this condition reversed 
several months later. The extent of the variation of this phenomenon 
allows no generalizations 

The final group which consists of about one-fourth of the scries is 
made up of animals in which only a minimal sensitivity is demon’- 
slrablc. Irrespective of the antigens used, the spacing of the shocking 
intcrwals and other modifications of the experiment, these rabbit eyes, 
tliough reacting repeatedly, manifest a -I plus to a 1 plus reaction, 
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whereas the good reactors will be found to have a 3 to a 4 plus reaction. 
Furthermore, when these poor reactors are resensitized in their oppo- 
site normal eyes and the shocking regime carried out anew, the same 
diminished reactivity is still apparent. 

Effectiveness of Siibcutaneous Injections of Antigen in the Production 

of the Eye Response 

Although most of the attempts to demonstrate local eye sensitivity 
depended upon the intravenous shocking route, it was found that the 
subcutaneous injection of the various antigens produced comparable 
results. No attempt was made in this work to titrate the minimal 
effective dose when the subcutaneous route was utilized. For the 
most part, five to ten times the intravenous dose of 1 cc. was adminis- 
tered. There seemed to be no striking lag in the eye response after 
subcutaneous as opposed to intravenous injection. In a few of the 
animals a typical Arthus type of inflammation appeared at the site 
of the subcutaneous injection. In the animal in which the most 
striking Arthus reaction took place there was practically no eye 
response. This observation was of interest since none of the animals 
in which the marked eye reactions were produced by subcutaneous 
injections showed a concomitantly significant Arthus phenomenon. 

DISCUSSION 

The accumulated data would seem to prove that a locally injected 
area of the body such as the anterior chamber of the rabbit eye may 
manifest sensitivity following the parenteral injection of homologous 
antigen. Most of the previous studies on ocular sensitivity have dealt 
with local eye reactions in a generally sensitive organism. Such work 
has led, particularly, to the clinical use of conjunctival tests for general 
sensitivity to such substances as horse serum and the products of the 
tubercle bacillus. 

The bibliography on this problem is noted in Reference 2. A number of workers 
in ophthalmologj'^ have attempted to explain certain types of conjunctivitis, 
sympathetic ophthalmia, and keratitis on the basis of “ocular anaphjdaxis.” 
Schieck, Lemoine, Tooker, and Pasteur Vallerj'-Radot among others have con- 
tributed clinical observations in this regard. Kodama found that in sensitized 
guinea pigs the introduction of the shocking agent “into the orbit” produced 



DAVID SEEGAL AND BEATRICE CARREER SEEGAL 


261 


Stimulation of plain muscle, circulatory disturbances, and hypersecretion of eye 
glands. In attempting to explain the manifestations of sympathetic ophthalmia 
on the basis of “anaphylactic phenomena,” Elschnig, Kummel, Wissman, Fuchs 
and Meller, von Szily, and Woods have made certain contributions regarding the 
question of whether the injured uveal tract of one eye may act as a sensitizing and 
subsequent shocking antigen to the other eye. Stanculeanu and Nita have 
demonstrated the Arthus phenomenon in the conjunctiva by the use of horse 
serum, and Kirchner has sensitized the cornea of the rabbit to scarlatinac toxin, 
demonstrating sensitization by repeated injections into the cornea. Schoenberg 
injected human serum into the anterior chamber of two rabbits and tuberculin 
into the anterior chamber of two other rabbits. Intravenous injection of the 
homologous antigen 2 weeks later produced no significant eye reaction. Brown 
and Dummer injected increasing doses of hemolytic streptococcus vaccine into 
the conjunctiva of two rabbits for 4 days and then injected a suspension of the 
living organisms intravenously on the following day. N o eye reactions were noted. 

Attempts to reactivate a locally sensitized e3''e by parenteral injection of the 
homologous antigens have been few. Von Szily (4) , using sheep lens as an antigen, 
injected the vitreous humor of the rabbit eye and several weeks later injected the 
same antigen intravenously. He obtained an inflammation of the prepared e^'e 
appearing in about 6 hours and persisting for 48 hours or longer. Woods (5) 
injected uveal pigment into the vitreous humor of one eye in dogs. In two of 
these animals subsequent intraperitoneal injection of the antigen produced bilateral 
eye reaction. Riehm (6) injected horse serum about the iris of one eye in the 
rabbit and found that subsequent intravenous injections of the antigen gave him 
a bilateral reaction. IMottand Kesten (7), using essentiallj' the same technique 
that we employed, were able to reactivate a rabbit's eye sensitized to Monilia 
psilosis by injecting a polysaccharide fraction of this organism intravenously 2 
weeks to 4 months after the initial sensitizing injection. 

The significance of the production of local areas of actively sensitized 
tissue is threefold. It apparently offers a logical experimental basis 
for the explanation of certain t}qDes of ocular inflammation. Suffice 
it to mention the relighting of a tuberculous keratitis following the 
subcutaneous injection of tuberculin. The method offers furthermore 
an opportunity for the stud>^ of delicate antigenic relationships. 
Finally the obvious implication is that under appropriate experimental 
conditions similar local areas of actively’’ sensitized tissue may be 
produced in other organs. 

CONCLUSIONS 

1. Rabbit e^’^cs sensitized witli guinea pig red blood cells or fresh 
egg white respond with an inflammatory' reaction following the intra- 
venous injection of the homologous antigen, but not the heterologous. 
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2. Two-tenths of 1.0 cc. of a multiple antigen containing ten separate 
ingredients, or in other words, 0.02 cc. of each foreign protein, when 
introduced into the rabbit’s anterior chamber, is suflScient to produce 
an altered ocular reactivity such that when 1 cc. of one of the ten 
antigens is . introduced intravenously the eye shows hyperemia of the 
iris and conjunctiva with more or less edema and lacrimation during 
the next 24 hours. 

3. For as long as 8 months after sensitization eyes will respond 
with an inflammatory reaction following the intravenous injection 
of fractions of the total antigen. 

4. Repeated daily intravenous injections of a single antigen usually 
produce no reaction in the sensitized eye after the first few days. 
Injection of different antigens intravenously on succeeding days pro- 
duces a continued sterile inflammatory process in the sensitized eye. 
After the total number of single antigens has been injected, repetition 
of these injections now fails to produce a similar response. Instead, 
the eye reaction is at a much lower level and the inflammatory response 
is manifested only to a few of the antigens injected intravenously. 

5. Unless massive doses of antigen are used to desensitize, per- 
manent desensitization of the eye has not occurred in animals which 
have been followed for at least 8 months. Animals may develop 
maximal eye responses following repeated intravenous injections of 
the same antigen, if sufficient time has elapsed between injections. 
Nevertheless, the eye reactions which can be elicited 6 or 7 months 
after sensitization are, less intense than the initial responses. 

6. The ability of the eye inflammation to light up following the 
intravenous injection of homologous antigen is not due to an initial 
tissue injury as proven by the fact that the reaction is specific and 
anterior chambers injured with typhoid vaccine, iodine, saline, 
glycerine, or albolene will not respond subsequently when the vari- 
ous proteins used for sensitization of the other eyes are injected 
intravenously. 

7. It has been impossible to demonstrate sensitivity in the eye by 
the intravenous shocking route until at least the 5th day following 
introduction of the antigen into the anterior chamber. 

8. The eye reaction can be produced by the subcutaneous as well 
as the intravenous injection of antigen. 
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9. Rabbits vary considerably in the intensity of the eye reaction 
which can be elicited in them, but only rarely was an animal found 
which failed completely to give a reaction. 

We wish to thank Dr. F. P. Gay and Dr. A. R. Dochez for their 
many helpful suggestions during the course of this work. 
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EXPLANATION OF PLATE 24 
Fig. 1. Reactivation of locally sensitized eyes. 
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The demonstration that an eye which has been actively sensitized 
locally becomes acutely inflamed following the intravenous or sub- 
cutaneous injection of homologous antigen (1, 2) suggested the possi- 
bility that the introduction of the same antigens into the gastrointesti- 
nal tract might produce similar effects. There was evidence from the 
work of others that the normal human and guinea pig gastrointestinal 
mucosa is not an effective barrier to the passage of small amounts of 
unchanged protein into the blood stream. 

Walzer (3) has reviewed the literature on this subject through 1927. The 
following has been found. 

1. Prolonged feeding of egg to rabbits results in the appearance of specific 
precipitins in their blood (Uhlcnhuth). 

2. Specific precipitinogen appeared in the blood and urine of normal human 
beings about 2 hours after the ingestion of egg (Ascolij Croftan). However, 
Hamburger and Sperk failed to demonstrate unaltered antigen in the circulation 
and urine of normal individuals after the ingestion of “physiologicar* amounts of 
protein. 

3. Specific precipitins appeared in the blood of animals and normal adult 
humans only if massive doses of protein were fed or if the intestinal mucosa was 
traumatized (Ganghofner and Langer). In the newborn, however, “the enteral 
canal was permeable to physiological amounts of ingested protein’* (Ganghofner 
and Danger; Anderson, Schloss, and Mj’crs). 

4. The enteral absorption of antigenic protein by normal or marasmic infants led 
to (o) the appearance of specific precipitins in the blood, and (^) specific cutaneous 
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hypersensitiveness. These two phenomena were related (Du Bois, Schloss, and 
Anderson). 

These specific precipitms appeared very promptly, were of slight degree, and 
disappeared quickly in the normal infants, whereas in marantic infants the precipitin 
formation tended to be retarded, reached a higher level, and persisted for a longer 
time than in the normal infants (Anderson, Schloss, and Myers). 

5. ‘^The blood serum and urine of animals collected after the enteral administra- 
tion of large amounts of protein, contained enough undigested protein to induce, 
by its injection, sensitivity in other animals'' (Van Alstyne and Grant ; Van Alstyne) . 

Guinea pigs who had been fed horse serum or horse meat would suffer anaphylac- 
tic shock when they were subsequently injected intraperitoneally with horse serum 
(Rosenau and Anderson). 

Similar sensitization could be accomplished when egg white was administered 
orally or rectally (Maie). Maie was unable to produce anaphylactic shock 
in such animals by a second enteral injection of egg white. However, guinea pigs 
sensitized intraperitoneally with horse serum develop anaphylactic shock follov/ing 
the enteral administration of the homologous antigen (Hettwer and Kriz). 

The most pertinent literature, however, concerns the experiments of Prausnitz 
and Kuestner (4) and Walzer (3). The former workers made an observation on 
passive local sensitization which has been repeatedly confirmed by others. They 
showed that the injection of the serum of a patient hypersensitive to fish into the 
skin of a normal individual conferred specific sensitivity’’ in that site. This was 
proven by the production of a wheal and erythema reaction when the homologous 
antigen (fish extract) was introduced into the injected area. 

Walzer used this principle in an ingenious experiment in which he demonstrated 
that the skin of 44 out of 50 normal individuals, in whom the intradermal passive 
transfer of hyT>ersensitive serum had been made, developed a typical wheal and 
er}’’thema at the site of injection in 2 to 75 minutes after the ingestion of the homo- 
logous protein. Walzer concluded that “the local reaction was due to the union 
of egg reagins, at the sensitized site, with circulating egg protein which had been 
absorbed, in an unaltered form, from the gastro-enteral canal." 

The purpose of our experiments was to show that the similar passage 
of unaltered protein from the gastrointestinal tract into the blood 
stream of rabbits would be effective in relighting an actively sensitized 
local area of the body such as the anterior chamber of the eye. 

M ethod 

Rabbit eyes were sensitized under cocaine anesthesia with either single or mul- 
tiple antigens by the method described in a previous paper. A series of 38 rabbits 
was selected with past histories which demonstrated their particular degree of eye 
response to the intravenous or subcutaneous injections of antigen. Some were 
uniformly poor reactors, whereas others of the group had previously shown marked 
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the intravenous shocking route had repeatedly shown that a striking 
specificity was maintained. However, two rabbits with eyes pre- 
viously injured with glycerine and eight with anterior chambers sen- 
sitized to an S. scarlatinae filtrate failed to show any ocular response 
to the intragastric introduction of large amounts of fresh egg white. 

No evidence of a striking desensitization to the specific protein could 
be demonstrated in the animals exhibiting ocular inflammation after 
this single gastric introduction of the antigen. Nearly all the rabbits 
showing a positive eye reaction experienced a similar response to 
the intravenous injection of the same antigen 48 hours later. One 
animal so treated died of typical anaphylactic shock. 

TABLE I 

The EJfccl Produced in Sensitized Rabbit Eyes Following the Introduction of the 
Specific Antigen into the Gastrointestinal Tract 
Eye Reaction 


Type of antigen 

No. positive 

No. negative 

Fresh egg white 

S 

14 

Guinea pig erythrocytes 

1 

8 

Human erythrocytes 

1 

1 

Cat erythrocytes 

1 

! 0 

Guinea pig plasma 

0 

1 

Horse serum 

0 

2 

Sheep serum 

0 

1 . 


A consideration of the data leads to the conclusion that the actively 
sensitized anterior chamber of the eye of the rabbit may become the 
site of a sterile inflammatory process following the introduction of tlie 
homologous antigen into the gastrointestinal tract. Clinical exper- 
ience would certainly have suggested this possibility. The impli- 
cations of this phenomenon are obvious. There are innumerable in- 
stances of asthma, hay-fever, and other types of hypersensitive response 
in which the precipitating factor has been proven to be an ingested 
protein. To Walzer’s observation, therefore, that a passively sensitized 
local skin area may develop the t>T)ical hypersensitive response fol- 
lowing the ingestion of the specific protein there must now be added 
the fact that a similar vascular response may be produced in an actively 
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sensitized rabbit anterior chamber following the intragastric intro- 
duction of the homologous antigen. 

CONCLUSION 

In the actively sensitized rabbit eye a sterile inflammation may 
develop after the introduction of the homologous antigen into the 
gastrointestinal tract. 
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Unlike most of the other cells in the adult body, all those found 
normally within the circulating blood continue throughout life to 
develop from primitive forms. In any analysis of the blood in disease, 
it is of the greatest importance to be able to determine the state of 
maturity of the cellular elements. The present work is concerned with 
criteria of the age of the lymphocyte. 

There are two principal sites of origin for the blood cells: the bone marrow and 
the lymph nodes. Most of our present knowledge concerning the maturation 
cycle and the relative age or youth of cells in the circulation has been derived from 
studies of the erythrocytes and granulocytes arising in the bone marrow. By 
noting variations in certain cytoplasmic (1, 2) or nuclear (3-6) criteria, the relative 
age of these cells can be estimated and valuable information be obtained. The 
studies thus far recorded of lymphocytes and lymphatic tissue have not been of a 
character to contribute materially to the establishment of acceptable criteria of 
maturation for this strain of white blood cells. A search of the literature reveals 
some attempts to link the so called lymphocyte with the other blood cells as a 
hemoblast or precursor in the development of the various well recognized definitive 
types. Ameth (7), following his work on the neutrophilic granuloc>Hc, published 
an index of nuclear variation in the lymphocytes to which he attached maturativc 
significance. His studies have not received the verification and acceptance ac- 
corded to his observations on the polymorphonuclear leucocyte. 

There are several reasons why the search for recognizable criteria of maturation 
in the lymphocyte has not been pressed. One must assume to begin with that 
among the mononuclear cells called ‘d\Tnphocytes,” some, if not all, arise as imma- 
ture lymphocytes Oymphoblasts), and mature in a definite orderly way, to de- 
generate eventually without dedifferentiation. This assumption involves indorse- 
ment, at least in part, of the poKphylctic doctrine of cell evolution in relation to 
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the lymphocyte, as it is obviously necessary for a cell to have a definite life cycle 
without change to other cell types before any conception of an orderly maturation 
can be entertained. The justification for such an assumption in relation to the 
lymphocyte will be evident as the experimental data which are to follow are 
introduced. 

Another dififlculty of the problem lies in the ph3^sical character of the Ij'mpho- 
cyte itself, in that there is no apparent elaboration of specific structures in the 
cj'toplasm. The development of granules in the cytoplasm and of nuclear poly- 
morphism in the granulocyte, of a rosette of vacuoles stainable with neutral red in 
the monocyte, of phagocytic vacuoles without pattern in the clasmatocyte, and 
of hemoglobin in the red blood cell have all served as objective criteria upon which 
to base identification and a study of maturative phases. The lack of comparable 
criteria has been an obstacle to the recognition of age states in the lymphocyte, 
accustomed as we are to look for specific products in specific cells. It is evident 
that criteria of a different character must be sought for. 

A third difficulty is to be found probably in the physiology of the lymphocyto- 
genic tissues. Because of their anatomical distribution, it is highly probable that 
many of the lymphocytes perform their function within the tissue in which they 
arise. We may e.xpect functionally mature lymphocytes to be intermingled with 
cells of varjang degrees of immaturitj* in lymph nodes. It is impossible on the 
basis of present knowledge to examine lymphatic tissue, as in the case of bone 
marrow, with the assurance that there will be a preponderance of immature tj'pes 
with which to compare those forms in the circulating blood. 

Finally, the uncertainty which exists concerning the exact structure of lympha- 
tic tissue contributes to the complexity of the problem. Although most authors 
believe that the germinal center of Flemming is the lymphocytogenic focus, others 
interpret such so called germinal centers as reaction areas which do not participate 
in the origin of the Ij'mphocyte. 

Possible Criteria of Age 

The following characteristics of blood cells may conceivably be of 
use in estimating the age of lymphocytes. 

1. Basophilia .- — In 1S9S Pappenheim (8) noted that the cytoplasm 
of young myelocytes is very basophilic, and since then the association 
of basophilia with youth of the granulocytes has been noted by many 
investigators. The same fact has been observed for red blood cells. 
The “reticulation” in young red blood cells is merely a precipitation 
of basophilic substance (1, 2, 9-11); and in the reticulated cell counts 
we have an example of the use of the presence of basophilia as an index 
of immaturity. A careful application of the criterion to lymphocytes 
has apparently not been made. 
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2. Mitochondria. — That mitochondria are present in large numbers 
during the maturation oi young blood cells other than lymphocytes is 
generally accepted (12-14); and in an excellent review, Cowdry (15) 
states that senescence is associated with diminishing numbers of 
mitochondria in the cytoplasm of cells in general. It should be 
mentioned, however, that increased numbers of mitochondria are 
associated with the activity of secretory cells. 

3. Size of the Cell. — ^Hematologists have most frequently used cell 
size as a criterion of the age of lymphocytes. But how uncertain this 
has proved is shown by the fact that some have regarded the large 
(16, 17) and some the small (7, 18-20) lymphocyte as the younger 
ceU, while others hold that size is no criterion of age at all (21). It 
is significant that most of the investigators studying fixed, stained 
specimens adhere to the belief that the large cells are the older types, 
whereas those who follow the supravital technique hold the reverse. 

4. Miscellaneous Features Characterizing the Lymphocyte. — ^Here 
may be listed motility, vacuoles, chromatin content of nucleus, 
proportion of nucleus to cytoplasm, shape of nucleus (indentations), 
and azur granulation. The possible significance of these characteris- 
tics will be brought out further on. 

Evaluation of Criteria 

On analogy with the other cells of the blood, an estimation of the 
mitochondria in the supravital technique and of the degree of baso- 
philia in the fixed films would seem most likely to afford criteria of 
value in the estimation of the age of the lymphocyte. 

To test out this possibility, it is necessary to analyze thelymphocji;es 
with respect to these criteria (1) in bloods which may be expected to 
show a normal distribution of age t}pes, and (2) in bloods obtained 
when a physiological or pathological h 3 peplasia of lymphoid tissue 
should lead to increased numbers of immature tjpes in the circulation. 
Of the criteria, basophilia is the most easity and accurately determined. 

i. Basophilia. With the supni\"ilal technique (17, 22) basophilia is detected 
by a grayish yellow hue or cast to the c\*loplasm. In very' basophilic cells this 
color approaches the hemoglobin tint of mature red corpuscles. A difiicultv 
exists, however, in estimating relative basophilia in all the lymphocy'les in supra- 
vital preparations, because of the ven* small amount of cx'toplasm in the small 



274 


AGE OF LYMPHOCYTES IN PERIPHERAL BLOOD 


cells. Only rarely can this criterion be applied except in intermediate and large 
lymphocytes, and since the small cell usually predominates, the factor of basophilia 
cannot be analyzed uniformly in the supravital preparations. 

Fixed and stained films furnish the best means for studjdng basophilia. Nearly 
all of the Romanowsky dye combinations bring out the basophilia clearl}’'; but a 
combination of Wright and Giemsa stains (23) most clearly indicates its finer 
degrees. The usual Wright^s staining method is follo^Yed, without washing, by a 
floating of the cover slip, stained side down, in diluted Giemsa (15 drops Giemsa 
plus 10 cc. distilled water at pH 6.5--7.0) for about 4 minutes. The cover slips 
are then blotted and mounted. The cytoplasm of lymphoc 3 des usuall}^ does not 
take the stain uniformly; there may be condensations and rarefactions or an 
appearance of granulation. This is probabl.v due to a precipitation of the baso- 
philic substance comparable to the “reticulation” of red cells. Care must be 
observed to select fields for counting in which the spread is very thin, with no cells 
overlapping. It is also of prime importance that the stain be working properly, as 
it is useless to attempt to grade cells on basophilia in a poorlj^’ stained specimen. 

After accustoming the e 3 ’'e to the differing shades of blue which tliis stain im- 
parts to the C3’’toplasm, one can divide the l3TOphoc3"tes arbitraril3’’ into three 
t 3 T>es: The very basophilic, the moderately basophilic, and the slightl 3 ’’ or not at 
all basophilic. The first t 3 T>e (Figs. 1 and 2) reacts with a color such as that 
obtained when a mark is made on white paper with a blue cra 3 '’on (hereafter 
designated as “Y” types) ; the second t 3 T)e (Figs. 3 and 4) is “sk 3 ^ blue” (designated 
“M” t 3 ^pes); while the third (Figs. 5, 6, and 7) is tinged scarcely at all with blue 
or may even react with a faint pinkish tinge to the cytoplasm (“O” types). Be- 
cause of the gradual transition between the shades of color, it ma 3 ’' be difficult at 
times to classif 3 ^ a cell, but with a little experience one learns to divide them rather 
sharpl 3 ’’ into the three classes. The smallest fragment of C 3 ’’toplasm in a small 
l 3 '’mphoc 3 de is sufficient to make the classification on the basis of basophilia. 

As the first step to\vard evaluating basophilia as a criterion of age, 
an analysis of the lymphocytes in a series of normal adult human and 
rabbit bloods was made. A total of 100 to 200 cells of all types w^re 
counted in the fixed smears and a percentage computation was made 
for each of the three degrees of basophilia. Tables I and II give the 
data procured. 

In Table I the results obtained in blood specimen R 612C are 
omitted from the averages, as it was found that this man, an X-ray 
worker, was subject to recurring periods of lymphopenia, a fact dis- 
covered as a direct result of the finding in this surv^ey. 

It will be seen that normal bloods, both human and rabbit, have 
relatively definite and stable percentage composition of basophilic 
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days, and the lymphocytes were graded according to basophilia as 
before. Owing to the extreme leucopenia in the young rabbits, only 
25 to 50 cells of all types were counted. Table III contains the data 
thus secured. 

Considering for the moment only the column containing the baso- 
philic types, it is noted that the average formula (Y-M-0) is 38.8- 

table n 


Basophilia and Comparative Size of Lymphocytes in Blood of Normal Rabbits 


Riibbit 

Date 

No. of 
lymphocytes 
per c.mm. 

Percentage of basophilic types 
Fixed technique 

Percentage of size types 
Supravital technique 


M 

0 

Small 

Int. 

Large 

R 1129* 

3/12-4/14 

3,045 


47 

46.3 

92.6 

6 

1.4 

R 1130** 

3/12-4/21 

6,079 


50.6 

45.7 

90.7 

7.8 

1.5 

R 1134** 

3/12-4/14 

2,623 

11.1 

54.4 

34.5 

87.8 

8.6 

3.6 

R 1131 

5/20 

2,968 

3 

53 

44 

72 

28 

0 

R 1132 

5/20 

13,778 

2 

56 

42 

99 

1 

0 

R 1133 

5/20 

2,275 

7 

45 

48 

94 

3 

3 

R1135 

5/20 

4,033 

15 

56 

29 

88 

9 

3 

R 1136 

5/20 

3,549 


49 

49 

89 

11 

0 

R 1137 

5/20 

2,460 


50 

48 

83 

14 

3 

R 1138 

5/20 

1,396 



1 40 

90 

10 

0 

R 1139 

5/20 

7,864 


' 44 

' 53 

98 

2 

0 

R 1167 

5/20 

7,260 

0 

40 

60 

92 

3 

5 

R 1169 

5/20 

4,902 

0 

26 

74 

94 

6 

0 

R 1170 

5/20 

2,004 

3 

45 

52 

96 

4 

0 

Averages 

4,590 

■1 

48 

47.3 

90.5 

8.1 

1.4 


R 1129 represents average of 9 counts. 

** R 1130 and R 1134 represent averages of 11 counts each. 


53.3-7.9; that is, there is a marked shifting to the heavily basophilic 
t}Tpes as compared with specimens of normal adult blood. 

Blood specimens from 20 rabbits with tuberculosis were next 
examined for possible changes in the cellular formula (Table IV). 
These tuberculous rabbits have been divided into two groups on the 
basis of the monocyte-lymphocyte ratio in the peripheral blood; eleven 
in which the I^I/L index was less than 0.50, probably indicating a 
minimum of tuberculous activity (24, 25), and nine in which this index 
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was 0.50 or more, probably indicating progressive lesions. In the 
latter group it will be seen that there is a notable shift in the Ijnnpho- 
cyte formula to the more basophilic types, 22 per cent, together with 
a relative lymphopenia, when compared with the group in which the 
M/L index was less than 0.50. In those cases ih which the M/L 
ratio is highest (see R 1366, R 1309, and R 1103, in particular), the 
increase in number of basophilic lymphocytes is especially marked. 

TABLE III 

Pcrcefliage of Basophilic^ Mitochojidrial, and Size Types in the Blood of 
New-Born Rabbits 


Rabbit 

Age 

Date 

No. of 
lympho- 
cytes 
perc.mra. 

Percentage of baso- 
philic types 
Fixed technique 

Percentage of 
mitochondrial types 
Supravital technique 

Percentage of size 
Supra vita/^echnique 

Y 

M 

0 

Ei 

M 

0 

Small 

Int. 

Large 

R1377 

4 days 

3/8 

8(34 

15 

78 

7 

38 

38 

24 

70 

30 

0 


10 

(( 

3/15 

1,100 

50 

46 

4 

0* 

100 

0 

88 

12 

0 

R 1377 

19 

t( 

3/24 

2,400 

43 

53 

4 

42 

53 

5 

84 

14 

4 

R 1378 

4 

{( 

3/8 

810 

47 

47 

6 

0* 

70 

30 

90 


0 


10 

ft 

3/lS 

840 

59 

36 

5 

24 


14 

95 

5 

0 


19 

it 

3/24 

605 

32 

63 

5 

29 

61 


90 

5 

5 

R 1379 

4 

ft 

3/8 

S94 

30 

65 

5 

0 

57 

43 

34 

66 

0 

R 1379 

lul 

ft 

3/15 

592 

35 

53 

12 

25 

69 

6 

94 

6 

0 

R 1379 

19 

ft 

3/24 

1,620 

46 


22 

15 

55 

30 

96 

4 

0 

R 1418 

12 hrs. 

3/31 

192 

25 

50 

25 

25 


25 

100 

0 

0 

R 1419 

12 

ft 

3/31 

320 

44 

56 

0 

42 ! 

58 

0 

88 ! 

12 

0 

R 1420 

12 

ft 

3/31 

260 

40 

60 

0 

0* 


0 

100 : 

0 

0 

Averages 

850 

38.8 

53.3 

7.9 

20.0 

64.5 

15,5 

85.7 

13.6 

0.7 


* Note that the dilBcuIty in accurately estimating large numbers of mitochon- 
dria sometimes results in many or all the “Y” tj'pes being classified with the 
l>T5Cs. This remark also applies to Table VI. 


In general, this relationship between basophilia and the ^I/L index 
persists throughout the table. 

Since it is generally believed that the lymphocyte is an important 
clement in resistance to tuberculosis, it is logical to assume that in cases 
progressing unfavorably, cases that is to say with a high M/L index, 
the l>Tnphopcnia reflects a demand for l}Tnphocytcs which the lym- 
phatic tissues cannot adequately meet, and under such circumstances 
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the appearance in the blood stream of less mature types may be ex- 
pected and is easily understood. In formulating this hypothesis, I am 


TABLE IV 

Percentage of Basophilic and Size Types of Lymphocytes in the Blood of 

Tuberculous Rabbits 


Rabbit 

M/L index 

Bate 

No. of 
lympho- 
cytes per 
c.mm. 

Percentage of basophilic 
types 

Fixed technique 

Percentage of size types 
Supravital technique 

Y 

M 

0 

Small 

Int. 

Large 

R 1366 


4/29 

1,680 

31 

62 


88 

12 

0 

R 1309 

mm 

4/21 

2,590 

53 

41 


93 

7 

0 

R 1103 

1.00 

4/21 

2,268 

24 

48 

28 

90 

• 5 

5 

R 1152 

0.93 

5/19 

2,380 

13 

60 

27 

84 

16 

0 

R 1248 

0.80 

5/28 


15 

60 

25 

85 

12 

3 

R 1262 

0.60 

4/28 

4,865 

9 

52 

39 

94 

3 

3 

R 1260 

0.56 

5/28 

3,888 

10 

52 

38 

80 

17 

3 

R 1381 

0.56 

4/28 


18 

53 

29 

90 


5 

R 1367 

0.50 

4/29 

3,710 

25 

65 

10 

97 


0 

R 1383 

0.43 

4/28 

3,220 

11 

57 

32 

83 


0 

R 1259 

0.35 

5/28 

2,793 

14 

50 

36 

70 


3 

R 1112 

0.33 

4/30 

3,663 

13 

38 

49 

76 


0 

R 1103 

0.31 

5/28 

1,856 

10 

50 

40 

87 

13 

0 

R 1184 

0.22 

5/28 

2,808 

13 

44 

43 

91 

7 

2 

R 1255 

0.18 

5/28 

8,673 

1 

36 

63 

100 

0 

0 

R 1389 

0.18 

4/28 

3,753 

11 

63 

26 

93 

wm 

0 

R 1179 

0.16 

5/28 

4,434 

IS 

50 

35 

90 

IB 

0 

R 1269 

0.15 

5/28 

3,054 

5 

52 

43 

93 1 

7 

0 

R 1382 

0.12* 

4/1 

5,964 

26 

60 

14 

60 

30 

10 

R 1176 

0.10 

5/28 

7,735 

4 

47 

49 

88 

12 

0 



1 











3,747 

16.0 

52.0 

31.9 

86.6 

11.7 

1.7 

Average of 

group 






! 



with :M/L index 









of 1.25-0.50 (9 





1 




animals) . . 



2,998 

22.0 

54.7 

1 23.2 

89.0 

8.8 

2.1 

Average of group with 









hl/L index of 0.43- 









0. 10 (11 animals). . 


4,359 

11.1 

^ 49.7 

39.0 

84.6 

14.0 

1.3 


* Rabbit R 13S2 died 2 weeks after this blood count was taken, indicating that 
this animal probably had advanced tuberculosis. 
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merely applying to the lymphatic tissues the same reasoning which 
has been applied to the myeloid tissues and found true in the case of 
pyogenic infections. 

Further evidence to show that increasing basophilia is a criterion of 
increasing immaturity was obtained by the examination of blood from 
animals in which l 3 rmphoid hyperplasia has been artificially induced. 
Figs. 10-15 show the degree of hyperplasia induced in the lymphatic 
tissues of rabbits receiving parenteral injections of foreign protein 
(26). They show a multiplication of lymph follicles both in lymph 
nodes and in the spleen, together with an increase in basophilic forms 
and in mitotic figures in these tissues. The*blood counts of these same 
animals are given in Table V. 

The left half of Table V shows the extent of increase in the numbers 
of lymphocytes per cubic millimeter during the period of the injections. 
The basophilic formula at various times during the period of the injec- 
tions is shown in the right hand section of the table. Expressed as an 
average of 25 examinations of the blood from 5 animals, this formula is 
27.1-46.9-26, which again shows a marked shift to the more basophilic 
types. If the hypothesis is correct that the peripheral blood reflects 
the state of activity of the tissue from which its cells are derived, then 
it must be concluded that basophilia is a measure of immaturity of the 
lymphocyte. 

2. Mitochondria , — If it be accepted on the basis of the above evi- 
dence that basophilia is directly related to youth in the lymphocyte, 
then it becomes possible to see if any other property, such as a high 
mitochondrial content, is linked with youth. 

Blood specimens in normal adult, new-born, and tuberculous rabbits 
were examined for the purpose of obtaining direct comparison between 
these two factors. The intensity of basophilia was determined in 
Wright-Giemsa-stained specimens and mitochondrial content in 
supravital preparations. To preclude obtaining specimens of blood 
for comparison that might be dissimilar with respect to the lympho- 
C 3 "tes, both preparations were made from portions of the same drop 
of blood by drawing it into the stem of a white cell diluting pipette and 
expelling small portions ver\’ rapidl}^ first for the supravital and then 
for the fixed preparations. 

Mitochondrial content was determined b\^ count whenever possible, 
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at Other times by rough estimation; and the classification was made as 
follows : Class Y represents cells with many mitochondria, that is, more 
than 20; Class M includes cells with from about 5 to 20 mitochondria, 


TABLE V 


Percentages of Basophilic Types of Lymphocytes in Rabbits with a Hyperplasia of 
the Lymphatic Tissues Induced by Protein Injections 


Rabbit 

Average Nos. of lymphocytes per 
c.mm. of blood during control and 
injection periods with date of autopsy 

t 

Date of 
count 1 

Per cent basophilic types . 
during injection period 

Fixed technique 

Y 

U 

0 

R 1157 

Control period 

2,477 


27 

51 

22 


Injection period 

3,911 

■Bl 

59 

30 

11 


Date of autopsy 

3/27/30 


25 

50 

25 




3/19/30 

27 

59 

14 





23 

42 

35 





24 

39 

37 

R 1158 

Control period 

3,507 

2/10/30 

32 

45 

23 


Injection period 

5,151 

2/11/30 

30 

52 

18 


Date of autopsy 

2/21/30 

2/19/30 

33 

38 

29 




2/21/30 

38 

43 

19 

R 1160 

Control period 

3,179 

2I2()JZ0 

37 

43 

20 


Injection period 

5,599 

3/ 7/30 

20 

51 

29 


Date of autopsy 

3/20/30 

3/10/30 

10 

41 ; 

49 




3/14/30 

23 

40 

37 




3/19/30 

32 

43 

25 

R 1163 

Control period 

3,208 

2/14/30 

20 

57 

23 


Injection period 

6,500 

3/ 7/30 

16 

60 

24 


Date of autopsy 

4/ 4/30 

3/10/30 

20 

47 

33 




3/19/30 

18 

54 

28 




3/24/30 

15 

52 

33 




3/26/30 

31 

: 47 

22 




4/ 2/30- 

IS 

i 54 

28 




4/ 4/30 

13 

46 

41 

R 1185 

Control period 

2,504 






Injection period 

5,983 

4/25/30 

62 

28 

10 


Date of autopsy 

6/20/30 

4/2S/30 

25 

59 

16 

Averages. . . . 

Control period 

2,975 


27.1 

46.9 

26 


Injection period 

5,429 
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and Class O cells with from 0 to 5. The corresponding groups of 
lymphocytes arranged according to basophilia of the cytoplasm as 
determined in the fixed films were classified as before; that is, Class Y, 
deeply basophilic, Class M, moderately basophilic, and Class O, 
slightly or not at all basophilic. Tables III and VI present the data 
so obtained. 

It is impossible to obtain accurate estimations of mitochondrial 
content, partly because of the physical difficulties involved in counting 
these bodies and partly because of the fact that some of the mito- 
chondria occasionally fail to take the dye, while some fading of the 
stain often occurs. Tables III and VI are therefore presented to 
show trends, not exact quantitative relationships. As such, the aver- 
ages in these tables demonstrate clearly that when the trend of the 
lymphocytes is towards increased cytoplasmic basophilia there is also 
a corresponding shift towards increased mitochondrial content. This 
same fact is demonstrated in Table VIII, Columns 6 and 7, in which 
basophilia and mitochondrial content of each of 75 large lymphocytes 
are directly compared by supravital examination. 

J. Size of the CelL — ^With the demonstration that increasing mito- 
chondrial and basophilic content of the cytoplasm of lymphocytes are 
found together and that they are criteria of increasing immaturity, 
it becomes important to test the relation that cell size bears to these 
indices. The facts to be determined are: (1) The relation, if any, 
between increasing immaturity and the increase or decrease in numbers 
of the large cells, and (2) the determination of the status of the large 
lymphocyte vdth respect to its position in the maturative cycle. As 
a prerequisite for this study it was necessary first, to consider the 
measurements obtained as such, and second, to determine if the pro- 
cedure of pulling and fixing cover slips distorts the size and appearance 
of the cell. 

Among many hundreds of l^unphocytes measured, the smallest en- 
countered was 5.2 micra in diameter, and the largest 20.0 micra. The 
usual allocation of size to type has been given as 6/i-9/i for the “small’* 
hmiphocjlc, 9/1-12/1 for the “intermediate,” and 12 m+ for the 
large” lymphocyte (16, 20, 21, 27). It was found, however, that a 
great number of cells, when studied by the supravital method, meas- 
ured slightly over 9/1, with very few between this size and 10.5/i. 
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For this reason the following standards of size were adopted in the 
present study: up to lO/i the small lymphocyte, 10/t-12ju the inter- 
mediate, and 12^-1- the large lymphocyte. 


TABLE VI 


Comparison hy Percentage of Mitochondrial and Basophilic Types of Lymphocytes in 
Three Normal and Five Tuheretdous Rabbits 


Rabbit 

Date 

Pathology 

Percentage of basophilic types 
Fixed technique 

Percentage of mitochondrial 
types 

Supravital technique 

Y 

M 

0 

Y 

M 

0 


3/12 

None 

7 

50 

43 

3 

55 

42 


3/14 

(( 

4 

46 

50 

3 

51 

46 

R 1129 

3/17 


10 

44 

46 

6 

73 

21 

R 1129 

3/19 

if 

5 

47 

48 

5 

47 

48 

R 1129 

3/24 

t( 


57 

36 

7 

57 

36 

R 1129 

3/28 

tc 


45 

49 

8 

52 

40 

R 1129 

3/31 • 

t( 

10 

37 

53 

4 

61 

35 

R 1129 

4/2 

t( 


52 

43 

5 

52 

43 
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Within limi ts, there is little or no relation between the size of the 
lymphocyte as obtained in the fixed smear and the real size of that 
cell in the circulating blood. Evidence in support of this statement is 
offered in Table VII. This represents a comparison of the measured 
gross diameters of the l}Tnphocytes encountered in five separate 
differential counts of five different normal human bloods. Portions 


TABLE VII 

Number of Lymphocytes of Various Sizes Found in Counting 100 White Blood Cells in 
Supravital and Fixed Preparations of Blood from Five Normal Human Adults 



from the same drop of blood were used in making both supravital and 
fixed spreads. 

It is obvious that there is a great preponderance of large forms in the 
fixed films tliat docs not occur in supravital preparations. Thus, only 
4 per cent of the lymphccjncs in the living stale measured over 12 
micra, whereas in the fixed films the corresponding percentage was 45. 
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This means, that in viewing a large lymphocyte in the fixed prepara- 
tion, one cannot tell the size of that cell when in the circulating blood. 
The explanation is suggested that some cells, being more fragile than 
others, are flattened out by the technique usual in pulling cover slips 
with consequent distortion of size. Others, being more elastic and 
coherent, resist more effectually this mechanical factor. In cases of 
decrease in cell size, it can be supposed that contact with fixative has 
resulted in shrinkage of the cells. 

Having determined that the size of cells in fixed specimens is not 
comparable with that of living ones, it became necessary to compare 
the percentages of the three cell sizes, as determined by supravital 
examination, with the percentages of the basophilic types obtained in 
fixed films, if one was to establish any relation between size and state 
of maturity. Such comparisons in bloods from normal human adults 
(Table I), normal adult rabbits (Table II), new-born rabbits (Table 
III), and tuberculous rabbits (Table IV) show that an increase in 
immature forms may occur without any notable shift in size. How- 
ever, an analysis of these tables indicates that in some instances an 
increase in young forms was associated also with an increase in the 
larger types of cells (compare average of size types in Tables II, HI, 
and IV and individual counts of R 1377 and R 1378 on March 24 of 
Table III, and R 1382 on Table IV). 

A study of large lymphocytes was now undertaken to determine if 
they are predominately young or old. To determine this point, 75 
large lymphocytes were measured in supravital specimens and obser- 
vations were also made on their degree of basophilia and mitochondrial 
content and on certain other features of the living cell. The results 
obtained are shown in Table VIII, Columns 2, 6, and 7. 

Analysis of Table \TII indicates that most but not all of the large 
l 5 mphocytes have a marked basopliilia and contain large numbers of 
mitochondria. Those that are deeply basophilic and with nearly 
maximum numbers of mitocliondria (-f- -f + and + 4- -k) make up 70 

per cent of the large lymphocytes e.xamined, whereas the cells de- 
ficient in these respects (0 and 1-k) constitute only 15 per cent 
of those sur\'eyed. As an example of the latter group, a very large 
cell (No, 27), measuring 16.1^, had a cytoplasm entirely deficient in 
signs of basophilia and mitochondria. Since these two characteristics, 



BRUCE K. WISEMAN 


285 


TABLE VIII 


Supravital Characteristics of Large Lymphocytes in the Blood of Rabbits 


Cell No. 

Gross 

diam- 

eter 

Approx- 
imate 1 
ratio of 
diameter 
of nucleus 
to cell 

[Chromatin 
content 
of nuclei 

Approx- 
imate 
depth of 
indenta- 
tion of 
nucleus 

Basophilia 

of 

cytoplasm 

Mito- 

chondria 

Neutral 

red 

vacuoles 

Nucleoli 

Non- 

staining 

refractive 

vacuoles 

. 1 

■ 

m 

++ 

F 

++++ 

++++ 

+ 

2 

0 

2 

EH 


+ + 

F 

++++ 

++++ 

++ 

0 

0 

3 

15.0 


++++ 

1.6 

+++ 

+++ 

+ 

0 

0 

4 

15.0 


++++ 

Round 

++++ 

-{-4-4“-f 

++ 

0 

0 

5. 

14.5 

■99 

+++ 

2.6 

++++ 

+++ 

+ 

0 

0 

6 

16.6 

0.75 

++ 

1.8 

++++ 

-h-f-F-f- 

++ 

0 

0 

7 

15.0 

0.70 

++ 

1.2 

+++ 

++ 

+ 

0 

0 

8 

17.5 

0.60 

++++ 

0.5 

++++ 

-f4--f-l- 

++ 

0 

0 

9 

14.5 

0.70 

++ 

0.5 

++++ 

+++ 

++ 

0 

0 

10 

15.0 

0.80 

++++ 

1.0 

4- 

++ 

+++ 

0 

0 

11 

13.2 

0.55 

++ 

1.6 

+++ 

++ 

++ 

0 

0 

12 

15.7 

0.60 

++ 

0 

++++ 

+++ 

+ 

0 

0 

13 

12.8 

0.60 

+ 

1.6 

++++ 

++ 

+++ 

0 

0 

14 

15.0 

0.88 

++++ 

Round 

+++ 

+++ 

++ 

0 

0 

15 

16.0 

0.70 

+ 

Round 

++++ 

-f- F4- 

+++ 

0 

0 

16 

15.0 

0.70 


F 

4-4-4- 4- 

4-4-4-4- 

4- 

1 

0 

17 1 

14.5 

0.65 

++ + + 

2.2 

4-4-4--f 

4-4-4-4- 

4-4- 


0 

18 

13.0 

0.75 


1.5 

4-4-4- 

4-4-4- 

4-4- 

1 0 

0 

19 

13.0 

0.75 

+ + + + 

0 

4-4-4- 

4-4-4- 

4-4- 

0 

0 

20 

13.0 

0.75 


F 

4-4-4- 

-l-4-4- 

4-4- 

0 

0 

21 

16.0 

0.60 

+++ + 

Oval 

4-4- 4-4- 

4- 4-4-4- 

4-4- 

0 

0 

22 

13.0 

0.60 


F 

4-4- 

4-4- 

4- 

0 

0 

23 

15.0 

0.75 

+ + 

5.0 

4-4-4- 

4-4- ! 

4- 

0 

0 

24 

14.0 

0.70 

+4- 

4.0 

4“-|--f -f 

4-4-4- ! 

4-4- 

0 1 

0 

25 

19.5 

0.90 

+ + 

4,5 

4-4- 4-4- 

4- 4-4-4- 

4-4-4- 

0 

0 

26 

14.4 

0.75 

+ 

Round 

4-4- 

4-4- 

4-4-4- ! 

0 ! 

0 

27 

16.1 

0.30 

+ + + 

Round 

0 

0 

0 

0 

1 

28 

15.0 

0.70 

+ + 

F 

4-4- 

4-4- 

JU 

1 

0 ' 

0 

29 

14.5 

0.75 


5.0 

4-4-4- 

4-4-4- 

4-4- 

0 

0 

30 

16.0 

0.70 

++ 

0.5 

4- 4-4-4- 

4- 4-4-4- 

4-4-4- 

0 

0 

31 

14.5 

0.70 


2.0 

4-4-4- 

4-4-4- 

4- 

0 

0 

32 

14.4 

0.45 

4- 

Round 

0 

0 
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0 
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33 
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0.50 

4- 

F 

4- 

4- 
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0 

4- 

34 
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0.75 

+4- 
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-f 4--f 

0 

0 

35 
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0.95 

4-4- 
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1 

0 

36 
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0.85 
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0 

0 

37 
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0.90 
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F 
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0 

0 

38 
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; 4- 
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0 

0 

0 

0 

4- 4- 4- 4- 
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TABLE VIII — Concluded 




Approx- 


Approx- 






Cell No. 

Gross 

diam- 

eter 

imate 
ratio of 
diameter 
of nucleus 

Chromatin 
content 
of nuclei 

imate 
depth of 
indenta- 
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of 

cytoplasm 
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vacuoles 
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refractive 
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39 

16.0 

m 

+ 

M 
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4-4-4- 4- 

0 

0 

40 

16.1 
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+ 
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0 

0 

41 
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mm 
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F 

++++ 
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0 

0 

42 
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0.90 

++ 
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0 

0 

43 
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0.60 
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0 

0 
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0.70 
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1.0 
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0 

0 

45 
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0.S5 

+++ 
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4- 

0 

0 

46 
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0.75 

+ 

F 
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4-4- 

0 

0 

47 
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— 

— 

— 

++++ 
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0 

0 

0 

48 
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0.70 

++ 

5.0 

++ 

4-4- 

++++ 

0 

0 

49 
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0.55 

+++ 

4.0 

— h+ 

4-4- 4-4- 

0 

0 

0 

50 
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0.60 

+ 

4.0 

++ 
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4- 

0 

0 

51 
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0.60 

++ 
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4- 

0 

0 

52 
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0.70 

++ 

F 

++ 
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+ + 

0 

0 

53 
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0.60 

++ 

F 

+ 

4- 
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0 
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54 
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0.70 

++ 

5.0 

++ 

4-4- 

4- 4-4-4- 

0 

0 

55 

15.0 

0.65 

++ 

1 2.0 

++ 

4-4- 
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0 

0 

56 

13.0 

0.70 

++ 
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++++ 

4- 4-4- 4- 

4-4 — }- 

0 

0 

57 

12.8 

0.70 

+ 

F 

0 

0 

4-4- 4-4- 

0 

0 

58 

15.0 

0.70 

++ 

F 

++++ 

4- 4- 4- 4- 

4-4-4- 

0 

0 

59 

12.8 

0.80 

^++++ 

Round 

++++ 

+ + + + 

0 

1 

0 

60 

14.5 

0.55 

+++ 

■ Round 

0 

0 

4-4- 

' 0 

+ 

61 

12.8 

0.70 

++ 
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+H — [-+ 

4- 4-4- 4- 

0 

0 

0 

62 
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0.65 

+++ 

Round 
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0 

0 

63 

12.0 

0.70 

++ 
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++ 

4-4- 
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0 

0 

64 

16.0 

0.75 

++ 
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"i — 1 — i — h 

4- 4-4-4- 

4- 

0 

0 

65 

14.5 

0.70 

++ 

F 

+++ 

4-4-4- 

4-4-4-4- 

0 

0 

66 

14.5 

0.75 

++ 

F 

4 — 1 — f* 

4-4-4- 

4- 4-4-4- 

0 

0 

67 

14.5 

0.60 

++ 

3.0 

4 — 1 — h 

4-4-4- 

4- 4-4-4- 

0 

0 

68 

14.5 

— 

— 

— 

4-4- 4-4- 

4-4- 4-4- 

4- 

0 

0 

69 

13.0 

0.70 

+++ 

Oval 

4- 

-}- 

4- 4-4-4- 

0 

++ 

70 

11.2 

0.60 

+++ 

Round 

0 

0 

4- 

0 

++++ 

71 

14.5 

0.60 

+++ 

F 

4-4- 

4 — }- 

4 — f- 

0 

0 

72 

13.0 1 

0.65 

+ 

Oval 

4- 

0 

0 

0 

++ 

73 

14.4 ’ 

0.70 

++ 

Oval 

4 — 1 — h 

4 — i — }- 

-l — }- 

0 

0 

74 

14.5 

0.90 

j++++ 

Round 

4- 4-4-4- 

4- 4-4-4- 

4-4- 

1 

0 

75 

16.0 

0.70 

i++++ 

Round 

4 — i — h 

4-4-4- 

4-4- 

0 

■ 

0 


Cell 69 changed to Cell 70 in 15 minutes under observation. 

Cell 72 was watched for U hours and no change in morphologj- occurred. 
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types. However, one cannot be too certain that they are entirely 
limited to this older cell type, because the dark staining of the cyto- 
plasm in the yoimg basophilic cells may make it impossible to detect 
them when present. The fact that no cytoplasmic structure of the liv- 
ing lymphocyte can be identified with the azur granule of the dead 
cell suggests that the latter is a precipitation brought about by fixa- 
tion, possibly evidencing some functional activity of the mature cell. 



CiURT 1. There are four curv'es on this chart to he contrasted. The upper- 
most shows the fluctuations in total number of Ijunphocytes; the curve labelled 
“0” designates the percentage of old cells (least basophilic); “M” refers to the 
mature (moderately basophilic) t>*pes; while the curve “Y” at the bottom of the 
chart indicates the percentage of j-oung or hea\’ily basophilic tj-pes. 

Relation of Lymphocytosis to Cellular Immaturity 

Ameth’s dictum that the total number of granulocytes in the blood 
is not necessarily a criterion of the activity of the bone marrow has 
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been amply confirmed. It is of interest to analyze the number of 
lymphocytes circulating in the peripheral blood as an index to activity 
of the lymphoid tissue. Since it is now evident that the greater the 
basophilia the greater the immaturity of lymphocytes, one is enabled 
to make the analysis mentioned by comparing directly the percentage 
of the basophilic types with the total numbers of circulating cells. 
For this purpose, observations were made three times per week for 1 
month on the lymphocytes in the blood of three stock rabbits. Chart 
1 represents the findings in one of these animals. It is typical of all 
three. 

Chart 1 shows clearly that the total number of lymphocytes in the 
peripheral blood is not necessarily a criterion of a percentage increase 
therein of young cells. Note especially that the high peak in total 
lymphocytes on April 9th showed no corresponding fluctuation in the 
percentage of basophilic types. 

DISCUSSION 

The present study shows that in the maturing lymphocyte changes 
take place in number of mitochondria and degree of basophilia, which 
have the same general character as those occurring during the life of 
the other cells of the blood. 

Although basophilia is manifestly a criterion of youth, the absence 
of it in a given cell does not necessarily mean that the cell is mature. 
No one criterion enables one to pronounce upon this point. In other 
cell strains some of the recognized characteristics of youth may be 
absent in elements of undoubted immaturity. For example, occa- 
sionally there are seen early myelocytes that are motile (about 60 
per cent in one case of myelocj^tic leucemia recently observed); 
mature neutrophilic leucocytes with very few specific granules; myelo- 
cytes without appreciable numbers of mitochondria or with little 
basophilic substance. From this experience with cell types other than 
the lymphocj’le, it would seem that in the case of the IjTnphocyte as 
in that of other cell U^es, all of the criteria of immaturity must be 
taken into account in an age classification. Basophilia is the most 
constant and reliable criterion. 

It now seems certain that each strain of blood cells can be traced 
back to a simpler form characterized by a more basophilic c\'toplasm. 
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The widespread distribution throughout the body of basophilic 
mononuclear cells gave rise to Pappenheim’s concept of a “lymphoido- 
cyte” or indifferent polyvalent primitive cell. The monophyletic 
theory of cell origin has been based upon this conception. Although 
the decreasing basophilia which characterizes the cytoplasm of the 
lymphocyte from youth to senility is wholly analogous to that seen 
in the other types of developing white blood cells, nevertheless the 
demonstration of an early basophilic form in this series, need not 
necessarily be interpreted as support for the monophyletic hypothesis. 



Chart 2. Diagram of the maturation of Ijinphocytes 


The dualists have always held that each cell strain has its own “cyto- 
blast,” which matures only in the lineage peculiar to that specific 
cell t>T>e, while the monophyletic school have given the “lymphocyte” 
at all times multipotential powers of differentiation. The recognition 
of lessening basophilia of the lymphocyte until in the degenerating 
form the cytoplasm shows no basophilia whatever, establishes the 
lymphocyte as an independent definitive cell strain existing in parallel 
wnth the other blood cells, not preliminar>^ to them. It will be recalled 
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that such an assumption was necessary to the undertaking of the 
present work; and it has been justified. A graphic representation of 
the changes taking place during the life of the lymphocyte is now 
possible. Chart 2 is such a representation, patterned after the schema 
of Sabin (13) for the red cells and granulocytes. 

The failure to recognize basophilia as an expression of youth of the 
lymphocyte has often resulted in a designation of young forms as 
plasma cells. All possible gradations in basophilia have been en- 
countered within the lymphocytic series as is indicated by Chart 2. 

Unna’s original concept (28) of the plasma cell included numerous basophilic 
forms. Von Marschalko (29), however, sharply limited this term to a specific 
group of cells showing a relatively small nucleus excentrically placed, containing 
chromatin particles usually arranged radially [Radkcrn)y with a central clear area 
in the protoplasm opposite the nucleus, and with very basophilic cytoplasm. The 
irritation forms of Tiirk (18) are usually considered as plasma cells (Naegeli (21)), 
but obviously if one accepts the definition of von Marschalko these cells cannot 
be plasma cells. 

Ameth’s expression “shift to the left’* (4) had its inception in the 
observation that under pathological conditions there occurs an increase 
in the proportion of those granulocytes showing fewer lobes to the 
nucleus, i. c., younger cells. In a larger sense, “shift to the left** has 
come to express a shift toward the younger stages in the maturation 
cycle of some other blood elements, and applied in this broader sense, 
it is highly useful. When there occurs an increase in the proportion of 
older forms, the term “shift to the right** is applicable. It is evident 
from the present work that the terms can be used with respect to the 
lymphocrj^'to. 


SUMMARY 

The study of blood from rabbits with normal and wdth hyperactive 
lymphatic tissue reveals, in the latter, a greater percentage of lympho- 
cytes with heavily basophilic cytoplasm and numerous mitochondria. 
This indicates that cytoplasmic basophilia and mitochondrial content 
can servx as criteria of the degree of maturity of the lymphocyte, these 
characters having the same significance in this relation as obtains 
with other blood cells. Basophilia is the more evident and reliable 
indicator of youth of the cells. The classification of l} 7 nphocytcs into 
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three groups, according to degree of basophilia, has yielded figures 
which show the proportions of the three to be relatively stable in 
blood from normal adult hiunan beings and rabbits. 

Size is not strictly a function of age in lymphocytes. Moreover, 
tliere is no correspondence in the size of lymphocytes in supravital 
films and in fixed specimens obtained by tlie “cover glass” method. 
There is a change of size during fixation. Although lymphocytes of 
intermediate and large size may be of any age, in supravital prepara- 
tions the majority are young cells, whereas in fixed films the reverse 
obtains. The small lymphocyte may be of any age in specimens 
examined by either tecimique. 

The total number of lymphocytes circulating at any given time is 
not necessarily an index to lymphoid activity. 
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EXPLANATION OF PLATES 
Plate 25 

Fig. 1. A large, very young lymphocyte from the peripheral blood of Rabbit R 
1185, Apr. 25, 1930. Wright-Giemsa stain. Observe the granular character and 
extreme degree of basophilia of the cytoplasm. This is the type of cell 
mentioned in the text. Diameter of cell was 16.0 m- 

Fig. 2. A small lymphocyte showing the same characters. From Rabbit R 
1381, Apr. 28, 1930. Diameter of cell was 8.5 m- 
Fig. 3. An intermediate lymphoc 3 ’’te from the peripheral blood of Rabbit R 
1185, Apr. 25, 1930. Wright-Giemsa stain. Note the color of the cytoplasm. 
This is the type of cell described in the te.xt. Diameter of cell Avas 1 1.5 m- 
Fig, 4. A large lymphocyte showing the same features. From peripheral blood 
of Rabbit R 1185, Apr. 25, 1930. Diameter of cell 16.0 m- 

Fig. 5, A large l>Tnphocyte from the peripheral blood of Rabbit R 1152, ^lay 
19, 1930. This is an old cell and is designated as the “0” type in the text. Note 
the lack of basophilia of the cytoplasm. One azur granule is to be seen near the 
top of the cell. Wright-Giemsa stain. Diameter of cell was 16.0m. 

Fig. 6. An intermediate lymphocj’te shomng the same features. From periph- 
cral blood of Rabbit R 1152, May 19, 1930. Diameterof cell was 11.8 m- 

Fig. 7. A small l}Tnphoc 3 ’te showing the same features. From the peripheral 
blood of Rabbit R 1176, Maj' 28, 1930. Diameterof cell was S.Op. 

Fig. 8. A red blood cell from the peripheral blood of a rabbit stained b}- the 
Wright-Gicrasa technique, — for purposes of comparison. 

Plate 26 

r ig. 9. Section of inguinal lymph gland of Rabbit R 1 160. Removed at biopsy 
before protein injections. Normal gland throughout. Hcmalox^din and cosin. 
X27. 
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Fig. 10. Section of inguinal gland of Rabbit R 1160 after 45 daily intravenous 
injections of chick embryo extract, showing an increase in size and number of 
secondary nodules and an increase in intemodular lymphatic tissue. Compare 
size and histology of this gland with that of Fig. 9 and note cellular response in the 
former. Hematoxylin and eosin. X27. 

Fig. 11. Section of inguinal gland of Rabbit R 1158 after daily subcutaneous 
injections of chick embryo extract. The very hyperplastic gland consisted largely 
of diffusely distributed lymphatic tissue. This was rich in tymphoblasts with 
heavily basophilic cytoplasm. Hematoxylin and eosin. X27. 

Plate 27 

Fig. 12. Section of spleen of control Rabbit R 1186 after 37 daily intravenous 
injections of normal salt solution. No evidence of hyperplasia. Hemato.xylin 
and eosin. X27. 

Fig. 13. Section of spleen of Rabbit R 1157 after 19 daily intravenous injections 
of chick embryo extract. Note the increase in size and number of Malpighian 
bodies as compared with control spleen of Fig. 12. Hematoxylin and eosin. X27. 

Fig. 14. Section of spleen of Rabbit R 1163 through germinal center. This 
animal received 25 daily intravenous injections of a solution of egg albumen. Note 
increase in number of mitotic figures and large cells with basophilic cytoplasm, 
typical of the spleens from all rabbits receiving these injections. Hematoxylin 
and eosin. Oil immersion. 

Fig. 15. Section of spleen of Rabbit R 1160 through germinal center. This 
animal received 45 daily intravenous injections of chick embryo extract. Note 
evidences of hyperplasia as in Fig. 14. Hemato.xylin and eosin. Oil immersion. 
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ON THE SPECIFICITY OF SEROLOGICAL REACTIONS 
WITH SIMPLE CHEMICAL COMPOUNDS 
(INHIBITION REACTIONS) 

By K. LANDSTEINER, M.D., and J. van der SCHEER 
{From the Laboratories of The Rockefeller histiliiie for Medical Research) 

(Received for publication, May 15, 1931) 

Whereas the usual serological reactions involve the use of high- 
molecular antigens of unknown constitution, a method has been 
described in a previous paper (1) which permits of the application of 
serological reactions to compounds of simple chemical composition. 
The method is based upon the possibility of partially synthesizing 
antigens (2, 3), by attaching to proteins chemical substances of simple 
structure as can be done by coupling with diazo compounds. Im- 
mune sera produced by injecting such ^‘synthetic antigens” exhibit 
a specificity depending on the simple substances forming a part of 
the complex, particularly if the test antigen used contains a protein 
different from that used for immunization. 

In ordinary precipitin tests, it has long been noticed that the reac- 
tions can be inhibited by addition of an excess of the antigen. Apply- 
ing this observation to artificial complex antigens, it has been shown 
that the precipitin reactions of these substances are often inhibited 
specifically by the addition of a sufficient quantity of the same or a 
similar chemical substance to that used in building up the antigenic 
complex (l) . These obserx’^ations have since been confirmed by Klop- 
stock and Seller (4), Avery’’ and Goebel (5), and by ourselves. 

The inhibition reactions with substances of known chemical struc- 
ture can be used for the study of serological specificity in general, and 
in this regard they have certain advantages over the precipitin or 
complement fixation tests made with the full artificial antigens. 
Thus, in the first place it is not necessary’ to use substances which 
can be combined with proteins and, consequently’, a greater variety' 
of compounds can readily’ be subjected to the test. Furthermore 
an advantage may’ arise from the circumstance that the possible 
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influence of the protein part of the antigen, and of the mode in which 
the specific part is attached, are entirely excluded. 

A particular application of the inhibition test has been suggested 
previously (1), namely the determining of the nature of the specific 
group in an antigen in cases in which this is not known. This plan has 
been followed in our laboratory by Wormall (6), who was able to 
demonstrate that in iodized protein the reacting group is the diiodo- 
tyrosine radical, since the precipitin reaction of the protein can be 
inhibited specifically by diiodotyrosine but not by ortho-iodophenol or 
potassium iodide. An essentially similar method has repeatedly been 
employed in recent studies on the specificity of ferments. 

In the present paper, some additional results are discussed which 
were obtained in the course of serological studies on azoproteins. 

Influence on the Specificity of the Position of Substituents in 
Aromatic Compounds 

The significance of the position of substituents in the benzene ring 
for the specificity of precipitin reactions was established in tests (2) 
with immune sera, reacting on antigens containing various aromatic 
acids, e.g., o-, in-, and /’-aminobenzoic acid antigens.* 

Similar conditions appeared to prevail in the inhibition tests. In 
fact, by means of an immune serum for /)-aminobenzoic acid it was 
possible to differentiate various ortho- and para-monosubstituted 
benzoic acids, regardless of the nature of the substituent which was 
variously OH, CH3, Br, Cl, or NOo (1). For, in all instances, solutions 
of the sodium salts of the ^-acids were much more active than those of 
the o-acids, while the 7?z-substituted compounds were intermediate in 
activity. 

In order to obtain further information it seemed necessary to examine 
also immune sera for 0 - and ^^-substituted antigens which had not been 
studied sufficiently in the previous experiments. The antigens used 
for immunization were prepared by coupling diazotized 0 -, in-, and p- 
aminobenzoic acids vath horse serum. For the technique of the prep- 

* For the sake of brevity, the immune sera and antigens prepared with azo- 
proteins will be designated by the compounds used for diazotization and subsequent 
coupling. 
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aration of the antigens, and the immunization, we refer to previous 
communications (1, 7). 

For the inhibition tests 1 millimol of each substance to be tested was dissolved 
in water by the aid of sodium hydroxide, and the solution made neutral to litmus 
and brought up to a volume of 10 cc. Unless otherwise stated, in each test 0.05 cc. 
of this solution was mixed with 0.2 cc. of the diluted antigen (made with chicken 
serum) previous to the addition of the immune serum. The control tube (C) 
contained only antigen and immune serum. The dilutions of the antigens are in 
terms of a 5 per cent stock solution. The intensity of the precipitin reaction is 
indicated as follows: 0, f. tr. (faint trace), tr. (trace), (strong trace), ±, d-, 
+, +±, etc. 

The results in Table I are what would be expected from former 
findings, that is, comparing o- and ^-immune sera and the o- and 
/^-substances, the inhibition was always more intense with the 
“homologous” substance. Also the inliibition of the precipitation by 
the w^-aminobenzoic immune sera was in general strongest ^vith meta- 
substituted compounds, though in the case of the oxybenzoic acids the 
inhibition effect of the ortho-substance was somewhat greater than 
that of the meta-substituted acid. On comparing o- and /^-derivatives 
of benzoic acid, it was seen moreover that substitution in the “heterolo- 
gous” position often diminishes considerably the inhibition reaction as 
compared not only with the “homologous” substance, but also with 
the non-substituted benzoic acid. 

An influence of greater or lesser strength of the acids seems to be 
excluded as the cause of these effects, because the regularities observed 
are of the same sort for substituted acids which differ widely in their 
strength, and also because of the results with the w-substituted 
substances. As suggested previously (1, 2), the most probable e.xplana- 
tion is that the outcome of the reactions in the cases under considera- 
tion depends on the steric correspondence in the position of the substit- 
uents in the immunizing antigens and the compounds employed for 
inhibition, even though the substances examined differ in their compo- 
sition from the specifically binding groupings in the antigens. 

A relationslup of the obsen^ations described to the phenomenon of 
ferment specificity is indicated by the findings of Waldschmidt-Leitz 
and Balls (S), who reported that of the isomer (chloroacetylamino) 
benzoic acids only the meta-compound is hydrolized by pancreatic 
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carboxypol)^6ptidase, a fact which the authors also explain, on the 
basis of steric configuration. Other similar instances are the inhibition 
of the action of tyrosinase by aromatic acids (9), and the oxidation of 
various substrates by this enzyme (10). It is noteworthy that a speci- 
ficity depending on the position of aromatic substituents has been 
observed recently in the skin reactions of a patient sensitive to resor- 
cinol (meta-dihydroxybenzene) by Nathan and Stern (11). This 
patient did not react to either ortho- or para-dihydroxybenzene, nor 
to the methyl ethers of resorcinol, nor to phenol or pyrogallol. 

Not all sera are equally well suited for the demonstration of the inhibitory 
effects. Thus with some sera wMch fell off after long storage and also with some 
fresh sera, the inhibition by benzoic acid was weaker than usual and the regularities 
described were blurred. In some such instances it was possible to increase the 
inhibition by heating the immune sera for 1 hour at 55°C. or by setting up the tests 
at that temperature. 

IiiliiUiion Effects by Fatty and Cyclic Acids 

In the tests described previously (1), the reaction of a serum for p- 
aminobenzoic acid antigen was found to be inhibited by a variety of 
aromatic acids, i,e. benzoic acid and substituted benzoic acids, but not 
distinctly by several aliphatic acids tested. Since benzoic acid caused 
practically no interference with the precipitin reaction by sera for 
/>-arsamlic acid or ?«-aminobenzenesulfonic acid — which, in turn, are 
inhibited by aromatic arsinic or sulfonic adds — it is plain that the 
effect produced by benzoic acid depends on the constitution of the 
substance containing a carboxyl group bound to the benzene ring, a 
structure \vhich corresponds to that of the binding group in the 
antigen. In recent experiments it was, however, found that aliphatic 
carbonic acids, especially tlie higher ones such as caproic and heptylic 
acids, also inliibit the reaction of immune sera for aminobenzoic acids. 

As Table II shows, the effect increased with the length of the chain 
and was most marked writh the caproic and heptylic adds. Acids with 
much longer chains could not be properly tested on account of the 
turbidity of the neutral solutions, but from a test with caprydic acid it 
would seem that the action may be stronger with the higher members 
of the scries. Consequently it is possible that the phenomena, at 
least in part, arc due to the physicodicniical properties of high fatty 



TABLE II 

The following substances were used for the inhibition tests: (1) benzoic acid; (2) cyclohexane carboxylic acid; (3) acetic 
acid; (4) propionic acid; (5) normal butyric acid; (6) isobutyric acid; (7) normal valeric acid; (8) isovaleric acid; (9) methyl- 
cthylacctic acid; (10) normal caproic acid; (11) isocaproic acid; (12) diethylacetic acid; (13) normal heptylic acid. 
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acids. In this connection it should be mentioned that salts of cholic and 
desoxycholic acids appear to inhibit precipitin reactions in general. On 
the other hand, the chemical structure, particularly the presence of the 
carboxyl group, must play a part, since other precipitin reactions, e.g. 
that of an immune serum for arsanilic acid, are only slightly influenced 
by caproic or heptylic (or benzoic) acids. The fact that these acids 
have very little effect on precipitin reactions of proteins or carbo- 
hydrates, such as horse serum or a precipitable substance of pneumo- 
cocci, may be attributable to the more intricate constitution of the 
specifically reacting groups in these antigens. 

Table III illustrates the inhibitory action of some cyclic acids on the 
precipitation by o- and ^-aminobenzoic acid immune sera. 

The tests show that not only benzoic acid but also other cyclic acids 
exert inhibiting effects. Intense inhibition was caused by a-thiophene 
carboxylic acid and a- and ^-naphtoic acids, the result with the former 
being in good agreement udth the close chemical similarity between 
a-thiophene carboxylic acid and benzoic acid. 

Inhibition Reactions of Pronounced Specificity 

The experiments reported in the present and a previous communica- 
tion show that the reactions of certain immune sera can be inhibited by 
numerous substances, provided tliese are chemically somewhat similar 
to the reacting group of the antigen used. Such is the case when the 
groupings responsible for the specific precipitation have a simple 
structure, as for example in the antigens prepared with aminobenzoic 
acids. Extending the well known simile of E. Fischer, these instances 
may be compared to the unlocking of a simple lock by various keys or of 
various locks by a simple key. Accordingly it appears that the inlubi- 
torj'^ effect can result from weak affinities which would not be sufficient 
for causing specific precipitation, e.g., a serum for para-aminobenzoic 
acid would be inhibited to a certain degree by ortho-aminobenzoic acid 
but would not precipitate test antigens built up from the latter sub- 
stance. 

It has already been suggested that the range of reactivity is 
narrowed in cases in which either the antigen or the inhibiting sub- 
stance is of somewhat more complc.x chemical structure. Inhibition 
reactions with azodyes (1) are instances of the sort. Since this view 
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has not been checked in any case by tests with numerous compounds of 
widely varied composition, and on account of the results reported in 
the preceding section, it seemed desirable to verify it by experiments 
carried out on a larger scale. To this end, two antigens and the corre- 
sponding immune sera, studied previously (12, 13), were selected wdth 
specific groups of more complicated constitution than those used in 
our first studies, namely two azoproteins, prepared from ^-phenyl (para- 
aminobenzoylamino) acetic acid, and f-para-aminotartranilic acid. 
For the inhibition tests a large number of organic acids of widely 
varying chemical constitution were taken. 

The following substances were used for the inhibition tests: (1) acetic acid; (2) 
normal butyric acid; (3) normal valeric acid; (4) isovaleric acid; (5) normal caproic 
acid; (6) isocaproic acid; (7) diethylacetic acid; (8) normal heptylic acid; (9) 
chloroacetic acid; (10) bromoacetic acid; (11) cyanacetic acid; (12) trichloroacetic 
acid; (13) /3-iodopropionic acid; (14) lactic acid; (IS) levulinic acid; (16) aminoiso- 
valeric acid; (17) acrj’’lic acid; (18) a-crotonic acid; (19) d, /-bromosuccinic acid; 
(20) citric acid; (21) fumaric acid; (22) gh’-cocoll; (23) d, /-alanin; (24) phcnjdgly- 
cine; (25) d, /-phenjdalanin; (26) d, /-leucine; (27) histidine; (28) benzoylglycine; 
(29) d, /-benzo 3 dalanine; (30) /-asparaginic acid; (31) /-glutaminic acid; (32) cam- 
phoric acid; (33) cj'clohexane carboxj'lic acid; (34) benzoic acid; (35) ortho-amino- 
benzoic acid; (36) meta-aminobenzoic acid; (37) para-aminobenzoic acid; (38) 
4-chloro-3-aminobenzoic acid; (39) ortho-chlorobenzoic acid; (40) meta-chloro- 
benzoic acid; (41) para-chlorobenzoic acid; (42) ortho-bromobenzoic acid; (43) 
mcta-bromobenzoic acid; (44) para-broraobenzoic acid; (45) ortho-nitrobenzoic 
acid; (46) meta-nitrobenzoic acid; (47) para-nitrobenzoic acid; (48) ortho-oxj'- 
benzoic acid; (49) meta-ox}'benzoic acid; (50) para-oxybenzoic acid; (51) ortho- 
methjdbenzoic acid; (52) meta-metliylbenzoic acid; (53) para-methjdbenzoic acid; 
(54) 2, 4, dinitrobenzoic acid; (55) 2, 4, 6, trinitrobcnzoic acid; (56) anisic acid; 
(57) 1, 2, 5, dioxj'benzoic acid; (58) 1, 2, 4, dioxj'benzoic acid; (59) benzolsulfonic 
acid; (60) ortho-aminobenzolsulfonic acid; (61) meta-aminobcnzolsulfonic acid; 
(62) para-aminobcnzolsulfonic acid; (63) sulfosalicylic acid; (64) para-toluidinsul- 
fonic acid; (65) para-azoxj’benzoic acid; (66) phenylacetic acid; (67) mandelic acid; 
(68) benzilic acid; (69) vanillic acid; (70) cinnamic acid; (71) hydrocinnamic acid; 
(72) ortho-aminocinnamic acid; (73) meta-aminocinnamic acid; (74) para-amino- 
cinnamic acid; (75) ortho-nitrocinnamic acid; (76) meta-nitrocinnamic acid; (77) 
para-nitrocinnamic acid; (78) ortho-cumaric acid; (79) phthalic acid; (80) iso- 
phthalic acid; (81) tercphthalic acid; (82) a-thiophcne carboxylic acid; (83) furan 
carboxylic acid; (84) mcconicadd; (85) a-naphtoic acid; (86) ^-naphtoic acid; (87) 
a-ox\-n'aphtoic acid; (88) ^-oxynaphtoic acid; (89) naphtionic acid; (90) a-pyrrolc 
carbk-ylic acid; (91) picolinic acid; (92) nicotinic acid; (93) cinchonic acid. 

For the tests 0.05 cc. of a neutral solution of the substance containing 0.5 railli- 
mol in 10 cc. water were used. 
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SEROLOGICAL REACTIONS WITH CHEMICALS 


In the table, the first column gives the readings after 2 hours at room tempera- 
ture for each of the two immune sera, the second column tlwse after standing 
overnight in the ice box “Horn, subst.” stands for “homologous substance,” 
namel}': levo-phenyl (para-aminobenzojdamino) acetic acid, or levo-para-amino- 
tartranihc acid. 

It is seen from Table IV that in the tests with the first immune 
serum there occurred some inhibitions with non-homologous substances 
which, with one exception, disappeared or became very weak on 
longer standing. The homologous substance gave the strongest effect. 
With the immune serum for aminotartranilic acid only three heterolo- 
gous substances showed relatively weak inhibition in the first reading, 
whereas the later reading demonstrated 'a perfectly specific reaction 
of the homologous substance. The inhibition with the homologous 
substance was complete also with one-half of the quantity used in the 
experiment presented and distinct with one-eighth of that quantity. 

It may be concluded, therefore, that under appropriate conditions 
the inhibition tests exhibit a high degree of specificity, comparable to 
that of the common serological phenomena. Thus, the peculiar 
specificity displayed in serum reactions is not limited to Ingh molecular 
colloids, but can be demonstrated as well with relatively simple crys- 
tallized substances, and is largely independent of the molecular size. 

SUMMARY 

Experiments are described which confirm the result that the spe- 
cifidty of inhibitory reactions involving substituted aromatic acids is 
decidedly influenced by the position of the substituent. 

VAien antigens ndth specific groups of very simple constitution are 
used for the tests, inhibiting effects are obtained also with substances 
distantly related to those determining the reactivity of the antigens. 
On the other hand, if antigens are built up from protein and chemical 
compounds of somewhat higher complexity, the specificity of the inhi- 
bition reactions with s>mthetic crystallized substances is of the same 
order as that of the usual serum reactions; in other words, it is possible 
to distinguish sucli compounds by serological tests as readily as pro- 
teins can be differentiated with the aid of precipitating sera. 
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TYPHUS FEVER 


III. The Behavior oe Rickettsia prowazeki in Tissue 

Cultures 

By henry PINKERTON, M.D., and G. M. HASS, M.D. 

(From the Department of Pathology^ Harvard Medical Schooly Boston) 

Plate 28^ 

(Received for publication, May 18, 1931) 

INTRODUCTION 

Cytological study of the scrotal sac exudate in typhus guinea pigs 
(Paper II of this series) suggested very strongly that Rickettsia pro- 
wazeki infects only mesothelial and endothelial cells. The study also 
brought out the fact that, in vivo, mesothelium appears to be a much 
more favorable medium for the growth of the organism than endothe- 
lium. Conclusive evidence was obtained that the organism does not 
multiply in phagocytic mononuclear cells (macrophages) and strong 
evidence against its multiplication in fibroblasts or epithelial cells. It 
therefore seemed worth while to restudy the problem of the propaga- 
tion of typhus Rickettsiae in tissue cultures from the cytological point 
of view, using the technic already described (Paper II of this series) 
for the demonstration of the intracellular organism in sections. 

Wolbach and Schlesinger (1) in 1923 set out tissue cultures, using 
infected brain tissue as explant material. They succeeded in main- 
taining virulence in their cultures for a maximum period of 28 days 
and they found Rickettsiae in sections of the culture as late as the 24th 
day. They probably obtained a pure culture of endothelium, since 
the neuroglia cells of the brain fragments did not multiply. They 
found Rickettsiae in their cultures only in relatively small numbers, 
which is not surprising in view of the scanty infection of their original 
tissue. 

The scrotal sac exudate offers a much more favorable material from 
the point of view of the number of Rickettsiae originally present. 
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Fragments of this exudate which are barely visible to the naked eye 
are infectious, in the great majority of instances, after thorough wash- 
ing in saline. 

Zinsser and Batchelder (2) in 1930 set out cultures from this exudate 
and maintained virulence in their cultures for a period of 10 da 3 ^s. 
In 1929 and 1930 a large number of cultures were set out in this 
laboratory and we found that in spite of continued fairly good growth 
of cells, the cultures became non-virulent on or before the 16th day 
and usually before the 10th day. The cytological studies mentioned 
above suggested that this might be due to the fact that the mesothe- 
lial cells were outgrown by or transformed into fibroblasts, hlaxi- 
mow and others believe that the latter event invariably occurs. 

Nigg and Landsteiner (3) recently reported that they were able, by 
using a modified Maitland medium, to maintain virulence in vitro for 
a period of 10 weeks. Their cultures were transferred every 8 days to 
fresh medimn containing minced normal tunica. 

The present tissue culture experiments are still in progress. The 
object of this preliminary report is to describe the appearance and 
location of the organisms in tissue cultures, and to depict certain inter- 
esting morphological changes which they undergo in vitro. 

Technic 

Explani Material . — The membranous e.xudate is removed from the surface of 
the testicle and floated in TjTode’s solution. The membrane, which is usually 
0.1 to 0.2 mm. in thickness, is cut into fragments about 1 mm. square, by a rocking 
motion with a sharp curved knife. 

Medium . — Blood is removed by heart puncture from a guinea pig and kept 
fluid during centrifugation b\’ heparin in 1 : 10,000 dilution. Embn'onic e.xtract 
is prepared by grinding guinea pig embrj-os of 2 to 4 cm. in a sterile mortar, adding 
ten times the volume of Tyrode’s solution to the pulp and centrifuging at high 
speed to get rid of the cells. 

Cultures . — Several (6 to 8) drops of embryonic e.xtract are placed in the bottom 
of a petri dish and a fragment of e.xudate membrane is picked up with a capillary 
pipette and floated in each drop. 1 drop of plasma is added to each drop of e.xtract 
and before clotting each drop is stirred with the sealed end of a glass pipette. 
After clotting has occurred the petri dish is inverted and sealed by pouring a hot 
mixture of parafnn and vaseline into the space between the two sections. The 
cultures are usually incubated at 35-36°C. This temperature was adopted arbi- 
trarily as being high enough to permit good growth of the cells and because it 
corresponds roughly to the temperature in the scrotal sac of the guinea pig, where 
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Rickettsiae multiply luxuriantly in vivo. Other temperatures are being used in 
experiments now in progress. 

Transplants . — The vaseline-paraffin mixture is easily removed from the petri 
dishes with a stiff wire. The coagulated plasma drops are shaved off with a sharp 
scalpel and washed for 10 to 30 minutes in Tyrode^s solution. They are then cut 
into two or four approximately equal fragments by a rocking motion with a curved 
knife and each fragment is reembedded in a fresh drop of plasma and embryonic 
extract. The cultures are usually transplanted every 2 to 4 days, depending on 
the rapidity of the growth and evidence of beginning liquefaction of the plasma. 

On each transfer day some of the cultures in each group were injected into a 
guinea pig, some were transferred and some were fixed and stained by the method 
previously described (Paper II of this series). 

Bescripiwn of Cultures 

During the first 12 to 24 hours a grossly visible greyish white “halo^’ 
appears around the fragments of exudate. Microscopically the cells 
are largely isolated ameboid cells, many of which have numerous 
cytoplasmic processes so that they resemble ganglion cells from the 
central nervous system. A variable number of polymorphonuclears 
also wander out from the exudate at this stage. During the next 48 
hours the picture changes markedly. The isolated cells decrease in 
number and cells of a very different appearance grow out from the 
surface of the original fragment. These cells first appear as sprouts 
of six to twelve or more cells joined end to end, but later they form a 
solid mass about the original fragment. These cells have pale, almost 
invisible nuclei, and frequently show fine fat droplet vacuolization of 
their cytoplasm, so that the nucleus appears as an oval, apparently 
empty, space in the more refractile vacuolated cytoplasm. They 
resemble epithelium in their manner of growth and never branch and 
ramify like typical connective tissue cells. They do not phagocytose 
particles of graphite ink added to the cultures. Rickettsiae grow 
luxuriantly in these cells and we believe that they arc mesothelial cells 
(See Paper II of this series) although we have not been able to dis- 
tinguish them with certainty from fibroblasts. 

In successive transfers, the ameboid phagocytic cells almost en- 
tirely disappear and the probable mesothelial cells appear to be left 
in pure culture. The growth cnerg}' of these cells appears to diminish, 
however, and they multiply very slowly after the fourth or fifth 
transfer. 
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Topography of Rickeifsia in Sections of Tissue Cult arcs 

Thus far twenty-eight first generation cultures of scrotal sac exu- 
date (of 3 to 6 days’ duration) have been studied histologically. 
Ricketisiae were present in large numbers in all. The material for 
these twenty-eight individual cultures came from six different guinea 
pigs, two of which were killed on the 1st day of obvious scrotal swell- 
ing, one on the 2nd day and three on the 3rd day. Smears of the 
exudate in three cases showed numerous Rickettsiae, both intracellular 
and extracellular, in one case moderate numbers of extracellular 
forms and a rare infected cell, and in one case only a very few extra- 


TABLE I 

Culture 5, Set Out February 10, 1931 


Date of fixation 

Growth 

Infected cells 

Guinea pig 
inoculations 

Feb. 14 

Excellent 

Yexy numerous 

Positive 

Feb. 19 

Fair 

Few (1 or 2 per 
section) 

! Negative* 

Feb. 23 

Fair 

I None found* 

Positive 


* The positive guinea pig inoculation on Feb. 23, when no Rickettsiae were found 
in the sections, probably indicates either that the particular culture chosen from 
the group for microscopic study was sterile or that Rickettsiae were present in such 
small numbers that they were not found. The negative guinea pig inoculation on 
Feb. 19 is e.vplainable in a similar manner. 

cellular' forms after long search. The cultures set out from the e.xu- 
date in which only a few Rickettsiae were demonstrated by smear hap- 
pened to be the most heavily infected of all. 

First generation cultures (of 3 to 6 days’ duration) practically 
always contained infected cells in every section and often as many as 
40 infected cells in a single section. Several groups of cultures 
have been sectioned in the second and third generations. In the 
majority of instances, the Rickettsiae disappeared quite rapidly in suc- 
cessive transfers. The example cited in Table I is typical of these 
results. 

' The extracellular forms are undoubtedly spilled from cells in making the smear 
(see Paper II of this scries). 
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In one group of cultures, however, to which fragments of striated 
muscle had been added, Rickettsiae were found in very great numbers 
in the fourth and fifth generations after 16 and 21 days in vitro. The 
polymorphonuclears had entirely disappeared by this time and the 
large pale, vacuolated cells (believed to be mesothelial cells) were enor- 
mously distended with organisms. In one half of the 21 day culture 
practically every cell was very heavily infected. This culture showed 
the heaviest infection of all, in spite of the fact that the growth of 
the cells was scanty and had apparently ceased several days before 
the culture was fixed. In this instance the organisms appeared to 
have multiplied extensively in the cytoplasm of degenerating cells. 

Rickettsiae when found were always within the cells except in one or 
two instances where cells had been torn by the knife and a few clusters 
of organisms had been carried for a short distance away from the cell 
in which they belonged. 

Rickettsiae were found in growing cells along the edge of the frag- 
ments and in smaller numbers in cells which had grown outward from 
the fragment in the form of long strands. In the interior of the frag- 
ment certain cells survive and grow in the form of a sponge-like net- 
work, enclosing small areas of dead tissue. Mitotic figures were 
nearly as numerous in the central part of the tissue as at the periphery 
and Rickeltsiae-fA\aA cells were often found in the interior. 

The Rickettsiae-\a.Ae.n cells usually had a definitely focal distribution. 
Frequently the infected cells in a given section were confined to an 
area representing only a small portion of the entire section. In other 
sections groups of five or six adjacent cells all showed infection. In 
several instances Rickettsiae were found in large numbers in cells 
which were undergoing mitotic division. 

The cultures contained two definite types of cell (exclusive of the 
leucocytes). The appearance of these before fixation has been de- 
scribed above. The Rickettsiae were alwa3's found in the large non- 
ameboid, non-phagocj'tic cells which are regarded as of probable 
mesotlielial origin. The ameboid macrophages, which were recognized 
In* their content of hemosiderin or bj’ the fact that thej' had taken up 
graphite ink, never contained Rickettsiae. The cells in which the 
Rickettsiae grow have large pale oval or rounded blue staining nuclei 
with several nucleoli and ver}' abundant finely vacuolated cytoplasm, 
the reticulum of which stains pale blue. (The Rickettsiae are stained 
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a deep purplish red.) These cells grow in sheets and strands, and 
often appear to have well defined cuticular borders (Fig. 8). 

Morphology of the Organisms 

The organisms showed a wide range of morphological variation. 
In some cultures they appeared in the form of diplobacilli, similar to 
those seen in smears and sections of the scrotal sac exudate. In other 
cultures they appeared as long threads, ranging up to 20 microns in 
length. In still other cultures both forms of the organism were pre- 
sent and occasionally both forms were found in the same cell with 
various transitional stages. The morphology of the organism did 
not seem to be in any way correlated with the age of the culture or 
with the rapidity of growth of the cells but the thread forms were most 
often found in lightly infected cells at the growing edge of the 
cultures. 

Many of the threads appeared solid but in the preparations where 
the fixation and staining appeared most perfect they were composed of 
long chains of diplobacilli and we believe that they are always formed 
in this way. In many instances the thread forms appeared to branch 
but we believe that true branching does not occur. 

The variation in size is extraordinary. Minute granular forms 
on the borderline of visibility (Fig. 5) were often found in the cells 
which were distended with organisms, while the larger forms were usu- 
ally seen in cells which were only lightly infected (Fig. 8). The 
smallest forms appear as minute single or paired cocci but the pres- 
ence of transitional forms suggests that they are probably small plump 
bacilli. These forms are so minute that it is impossible to determine 
their exact shape. 

The organisms were always stained a uniform deep purple and 
never appeared as diphtheroids. A few cells in the cultures of longest 
duration contained irregularly swollen very deeply staining structures 
similar to involution forms. In a few instances the Rickettsiae ap- 
peared to be breaking up and degenerating in the cytoplasm of cells 
which appeared to be healthy. 

COinCENT 

The presence of organisms in cells which have grown away from the 
original fragment indicates that new cells become infected after the 
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culture IS set out. The presence of organisms in dividing cells proves 
that one method of spread of the infection is by hereditary transmission. 
This mechanism would also explain the focal nature of the infection. 
These studies do not indicate whether or not the infection spreads 
directly from cell to cell by contact, via intercellular bridges, or via 
the plasma clot. In the majority of our cultures the infection appears 
to spread very slowly. The extremely heavy infection found in the 
21 day culture, however, suggests that under certain conditions the 
infection may spread rapidly and involve all cells present in a large 
area. Whether immunity to the organism may be inherited is still an 
unanswered question. 

The absence of Rickettsiae from macrophages corroborates the con- 
clusion which we formed from a study of the cytology of the exudate 
in vivo. 

The organism appears much more pleomorphic in tissue cultures 
than in vivo^ and the range of morphological variation (see illustra- 
tions), corresponds closely to that described in the louse. Wolbach 
(3) believed that the thread forms represented the early stages of intra- 
cellular multiplication and this concept is somewhat borne out by the 
fact that these forms were most often seen in lightly infected cells at 
the growing edge of the culture. No observations were made in this 
study which indicate that granules within the large thread forms are 
extruded and become viable as has been suggested (4) . 

The improved method of fixation and staining of Rickettsiae seems 
to afford a valuable method for further study of the behavior of the 
organisms when brought in contact with cells of known types and the 
effects of variations in temperature, pH, gas tensions and composition 
of the medium on the number and morphology of the Rickettsiae found 
in cultures. 


SUMiOVRY 

Typhus Rickettsiae arc found in large numbers in sections of tissue 
cultures of scrotal sac exudate. 

Extensive multiplication of the organisms occurs, and new cells be- 
come infected. Organisms arc seen in cells undergoing mitotic 
division. 

The organisms usually become less numerous after the 6th day ir: 
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vitro, but in one instance organisms were extremely numerous on the 
16th and 21st days. 

Rickettsiae in tissue cultures retain their intracellular location, even 
when infection is very heavy. 

They multiply exclusively in non-phagocytic cells which are be- 
lieved to be of mesothelial origin. 

Pleomorphism is much more pronounced in tissue cultures than in 
guinea pig tissues and is entirely comparable to that seen in the 
louse. 
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EXPLANATION OF PLATE 28 

All illustrations are camera lucida drawings from paraffin sections of tissue 
cultures. For technic of fixation and staining, see Paper 11 of this series. The 
drawings were all made at a constant magnification of 1250 diameters. 

Fig. 1. A group of cells from a 6 da}"- culture. One of the three Rickcllsiac- 
laden cells is in mitosis. 

Fig. 2. An infected cell from an 8 day culture. 

Figs. 3 and 4. Cells infected with large bacilliform Rickcllsiac. From a 4 day 
culture. 

Figs. 5 and 6. Cells infected with the minute coccoid type of Rickettsia. From 
a 4 day culture. 

Fig. 7. A large degenerating cell from a 5th generation culture of 21 days’ 
duration. Note the arrangement of the organisms around the fat vacuoles. 
Practically every cell in several low power fields was heavily infected in this 
manner. 

Fig. 8. Large thread forms (chains of diplobacilli) in an outward growing strand 
of mesothelial (?) cells. First generation culture of 4 days’ duration. 
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doses. Later, we obtained several filtrates which killed large rabbits (2000 gm.) 
in less than 24 hours in small amounts: vh., 0.1 to 0.2 cc., but these filtrates lost 
their toxicit}" after standing in the ice bo.x for 7 days. No work was done to 
determine if a quantitative relationship existed between the killing, the necroto.xic, 
or the hemotoxic effects in these latter filtrates. 

Recently Burnet (14) has studied the relationship which the necrotoxin, hemo- 
to.xin, and killing poisons of the staph 3 dococcus bear to one another. He found 
that there was a quantitative relationship between the killing and necrotizing 
effects and a fairlj’- quantitative relationship between the hemotoxic and killing 
effects in all filtrates from the three strains studied; and that in five antito.xins 
which had been produced by different methods, all showed a constant relationship 
in antitoxin for the three to.xic activities. Based on these observations, he con- 
cludes that these three toxic activities are all manifestations of a single antigenic 
substance; in other words, that the staphylococcus produces a single e.xoto.xin 
•which destroj’s erythrocytes, skin, and capillary endothelium. 

We •v\qsh to report some experiments which seem to establish the fact 
that there are at least two, and probably more, antigenically distinct 
exotoxins in toxic filtrates of the Staphylococcus aureus. The experi- 
ments to be described may be divided into two groups; first, those 
dealing with the relative proportions of hemotoxin, necrotoxin, 
leucocidin, and the “acute killing poison” in filtrates of hemolytic 
Staphylococcus aureus cultures; and second, those dealing with the 
selective adsorption of the toxins from the filtrate by erythrocyte 
stroma or by leucocytes. 


EXPERIMENTAL 

Preparation of Media . — A modification of Walbum’s (18) medium was used 
throughout this work. This consisted of a sugar-free veal infusion broth to 
which 1 per cent Witte peptone, 1 per cent Difeo peptone, 0.2 per cent KH 2 PO 4 , 
and 0.03 per cent !MgS 04 7HiO were added. 

Sources of Cultures .^ — Four strains of the hemolytic Staphylococcus aureus were 
used. These strains were wrulent for rabbits, death occurring within 1 to 3 
daj’S after recehdng intravenous inoculations of 0.05 to 0.2 cc. of a broth culture. 

The virulence of a strain was found to be roughly proportionate to the quantity 


‘ The sources of the strains used were as follows: 

779. 7/10/30 from a pustule obtained from Dr. Galbreath in Porto Rico. 

S14. 12/1/30 from a blood culture obtained from Dr. McKinlej- in Porto Rico. 

805. 12/1/30 from a blood culture from a case of acute endocarditis at the 

Presbyterian Hospital. 

7S2. 12/17/30 from a skin lesion from the Vanderbilt Clinic. 
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of hemotoxin it produced* Since our previous work indicated that the virulence 
of a strain disappeared rapidly when subcultured on agar, in these experiments 
inoculations of the broth for toxin production were made only from the original 
blood agar slants. 

Growth of the Staphylococaie.— The staphylococci were grown aerobically in 
Erlenmeyer fiasks two-thirds full of the medium. Growth was allowed to continue 
until the pH, which always dropped to 6.4 to 6.8 for the first few days of growth, 
had risen to 7. This required from 10 to 16 days, depending on the strain and 
batch of medium used. After incubation, the cultures were distributed in tubes, 
chilled, vaseline seals added, and centrifuged. The clear chilled supernatant 
fluids were then passed through Berkefeld V filters. The filtrates w’ere preserved 
in the ice box under vaseline seals. With these precautions to prevent oxidation, 
the filtrates retained all their toxic properties for at least 4 months. 

For testing the action of the filtrates to kill rapidly, young rabbits weighing 
between 700 and 1000 gm. were used. The reaction of the small rabbits to the 
same dose of filtrate is remarkably regxdar. For skin tests, rabbits weighing 
from 1500 to 2000 gm. were used. From eight to sixteen tests wdth various 
dilutions of toxins may be inoculated into one animal. 

Hemotoxin Tests. — Tests for hemotoxin were carried out in the usxial way. One 
unit of hemotoxin w'as taken as the smallest amount of a filtrate which completely 
hemol>^ed 2 cc. of 1 per cent well washed rabbit red cells in 40 minutes. 

Necrotoxin Tests. — One imit of necrotoxin was taken as the smallest amount of 
filtrate or diluted filtrate which, w^hen injected intradermally, w'ill cause definite 
necrosis of an area of 5 mm. in diameter. 

Lcucocidm Tests. — ^The leucocyte suspensions for the leucocidin tests were 
obtained from rabbits following the intrapleural injections of aleuronat. 18 hours 
after injection, the animals w’ere bled to death from the carotid, and the pleural 
exudates taken up in one-third their volume of 0.5 per cent sodium chloride solu- 
tion containing 2 per cent sodium citrate. Only those exudates showing no 
reddish color and containing verj' few, if any, red cells, w'cre used. The exudates 
w’crc then titrated to determine the proper amoimt to use in the leucocidin tests. 
For this purpose, 0.05 cc. of 1:10,000 solution of methylene blue was added to 
var>dng amounts to the Ieucoc>*tc suspension in precipitin tubes, and the volume 
in each tube brought up to 1 cc. with saline solution. Vaseline seals were added 
to all the tubes, and they w*cre put in a water bath at 37°C. The volume of the 
leucocyte suspension used in the leucocidin tests was the amount that would 
reduce the methylene blue completely in 20 minutes. 

The leucocidin tests were set up as follows: the previously determined quantity 
of the leucocyte suspension was added to \'arious amounts of the staphylococciis 
filtrate to be titrated, and the volume of all tubes brought up to 1 cc. wdth saline. 
One control tube containing the largest dose of the filtrate used in the experiment 
Nvas heated at 60’C. for 20 minutes, and a second contained the leucocytes without 
the filtrate. All lubes were placed in the w'atcr bath at 37"C. for 1 hour, then 
0.05 cc. of 1 :20,000 of methylene blue and a %*asclinc seal were added to each; and 
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finally they were reincubated for 1 hour. One unit of leucocidin represented the 
minimum amount of a filtrate which completely prevented the reduction of 
methylene blue by the leucocytes in 1 hour. 

“Acute Killing^’ Tests . — One unit of the “acute killing” toxin represented the 
smallest amount of filtrate which, when injected intravenously, would kill a 700 to 
1000 gm. rabbit within 1 horn:. The symptoms of rabbits which die soon after the 
intravenous injection of staph 3 dococcus filtrates have been described bj’- others. 
For some time after receiving the injection the animals appear normal, but then 
become unsteadj'-, fall over, breathing becomes rapid and shallow, and they become 
progressively weaker until death, which usually occurs in less than 1 hour after 
injection. At autopsy nothing abnormal is to be seen. If the dose of toxin is so 
adjusted that the rabbits survive for 12 to 48 hours, a verj^ different picture 
presents itself. 1 to 3 hours after injection thej’’ flatten out on their abdomens, 
appearing weak, and they become progressively’’ weaker till deatli. 

At autopsy marked changes are always present in the kidney’s. In the animals 
■w’hich die in 12 to 24 horns, the kidneys are mottled deep red against a pale back- 
ground or are a deep piuplish red throughout. In those which survive longer, 
viz., 24 to 48 hours, the kidneys are a deep red, mottled with y^ellow areas varying 
from 1 to 10 mm. in diameter. The histological changes in these kidneys will be 
taken up in a later publication. 

A . Experiments Dealing %mih the Relative Proportions of the V arious 
Toxins in the Staphylococcus Filtrates. — Our first experiments were 
devised to determine the accuracy of Burnet’s claim that the three 
toxic activities — (hemotoxic, necrotoxic, or “acute killing”) — bear 
constant ratios to one another. A large number of filtrates from our 
four toxic strains were titrated for these three toxins, some also being 
tested for leucocidins. 

Our results may be briefly summarized as follows: In general, 
filtrates which were strong in one toxic activity were strong also in the 
others. In the strongly hemolytic filtrates, viz., those containing 100 
to 200 hemotoxic units per cubic centimeter, there appeared to be a 
fairly definite ratio between the hemotoxic, necrotoxic, and "acute 
killing” activities. This same quantitative relationship held for all 
strong hemoto.xic filtrates from the four strains studied. Roughly, 
one “acute killing” unit was equivalent to 25 hemoto.xic and to SO to 
100 necrotoxic units. In filtrates with less hemoto.xic strength this 
quantitative relationship did not hold, especially as regards the 
ratio of the hemotoxic to the necrotoxic units in a filtrate. There 
appeared to be no definite relationship between the leucocidins in a 
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filtrate and any other toxic properties. The results of these experi- 
ments are summarized in Table I. 

It is clear that no definite conclusions as to the unity or plurality of 
poisons in staphylococcus filtrates can be drawn from these experi- 
ments. More convincing results were obtained in the following 
experiments. 

B. Experiments Dealing with the Adsorption of Staphylococcus Toxic - 
Filtrates' with Erythrocyte Stroma or with Leucocytes. — In a previous 
paper, it was proved conclusively by adsorption of pneumococcus toxic 
autolysates with red cells in the cold, that the necrotoxin and the 
hemotoxin of the pneumococcus are separate entities. On analogy, 
one would suppose that the staphylococcus hemotoxin and necrotoxin 
are likewise different substances. 

Neisser and Wecksberg (4) were able to remove staphylococcus 
hemotoxin from the toxic filtrates by treatment with red blood cells 


TABLE I 

Units of Toxins Equivalent to One Killing Unit 


Filtrates 

Killing dose 

“Acute 

killing” 

unit 

Hemo- 

toxins 

Kecro- 

toxins 

1 Lcuco- 
cidins 

Strongly toxic ' 

0,1 to 0.25 cc, 

1 0.5 to 2 cc. 

1 

25 

40-60 

80-100 

80-300 

5-20 

Weakly toxic 

1 

5-20 




in the cold. We have made many attempts to confirm their findings, 
both with sheep and rabbit red cells, but always with negative results. 
It appeared that under the conditions of our experiments, staphylococ- 
cus hemotoxin and red cells combined only at higher temperatures, 
where hemolysis also occurred and obscured the results. 

We next attempted to bind the hemoto.xin with erythrocyte stroma, 
a procedure which could be carried out at 37°C. By this method, we 
were successful in obtaining almost complete selective adsorption of 
the hemotoxin with either rabbit or sheep red cell stroma, leaving the 
necrotoxin undiminished in the filtrate. When the stroma-adsorbed 
filtrates were tested for the presence of Icvicocidin it was found that 
most of this toxin had also been removed from the treated filtrates. 
\'cry little of the leucocidin could have been removed by the relatively 
small amounts of leucocytic substances present in the stroma prepara- 













320 


TOXICITY OF HEMOLYTIC S. AUFEUS FILTRATES 


tions, for in our later experiments in which we used leucoc 3 de sus- 
pensions as the adsorbing agent, very thick leucocyte suspensions 
were required to remove this toxin. As noted before, Neisser and 
Wecksberg also found that red cells adsorbed leucocidin as well as 
hemotoxin from staphylococcus filtrates. Because of insufficient 
material, only two young rabbits, weighing 610 and 835 gm., were 
injected intravenously with 1 and 0.75 cc. respectively of the stroma- 
adsorbed filtrates, and both survived. These rabbits were killed 3 
days after receiving the injections and were found to have no lesions 
in the kidneys. The untreated filtrate diluted one-half killed rabbits 
in 0.2 and 0.3 cc. amounts respectively. The survival of these two 
rabbits and the absence of kidney lesions at autopsy, appear to indicate 
that the substances responsible for sudden death and the Iddney le- 
sions had been removed from the toxic filtrates by the red cell stroma 


TABLE II 

Amount in Cubic Ccntuncfcrs Containing One Unit of the Various Poisons 


Filtrate 

Hemotoxin 

Necrotoxin | 

Leucocidin 

Stroma treated. 

■f 


0 

Untreated j 



0.05 



and therefore cannot have been associated with the necrotoxic action 
of the filtrates. A typical protocol of an experiment with a stroma- 
treated filtrate is given below: 

Experiment. — To 1 cc. of packed stromata obtained from 50 cc. of rabbit red 
cells, was added 2 cc. of a staph 3 dococcus filtrate plus 2 cc. of normal salt solution, 
and the preparations well mixed. The control tube contained 2 cc. of the same 
filtrate plus 2 cc. of normal salt solution. After adding paraffin oil to both tubes, 
the}’' were placed in the water bath at 37°C. for 2 hours and then in the ice box 
overnight. The following morning the tube containing the stroma was centri- 
fuged and the clear, slight!}’’ reddish supernatant fluid tested for the various toxic 
effects along with the control. While being centrifuged, the tube was kept im- 
mersed in ice water. 

The results are summarized in Table II. 

The experiment recorded in Table II seems to show that the red 
cell shadows have removed nine- tenths of the hemotoxin and the 
leucocidin, leaving the necrotoxin undiminished in the filtrate. 
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The purpose of our next experiments was to find out if the leucocytes 
selectively adsorb one or more of the toxins from a toxic filtrate. In 
their work on this point, Neisser and Wecksberg (4) state that in the 
cold, leucocytes remove the leucocidin and not the hemotoxin from 
staphylococcus toxic filtrates. 

The results of our experiments along this line have not been con- 
clusive and therefore will not be given in detail. We found that the 
leucocytes sometimes did, and sometimes did not, remove the hemo- 
toxin from the filtrates. Only' very thick suspensions of leucocytes 
without a trace of red cells were used, so that the removal of the 
hemotoxin could not have been due to the presence of red cells in the 
preparation. However, in contrast to this, the leucocidin was in- 
variably almost completely removed by the leucocytes; whereas the 
necrotoxin remained undiminished in the leucocyte-treated filtrates. 
Taken as a whole, these last experiments with leucocyte-treated 
filtrates bring out nothing new but confirm the points brought out in 
the red cell stroma experiments; vk,: that the necrotoxin is a different 
toxic principle from either the hemotoxin or the leucocidin. 

CONCLUSIONS 

1. Sterile filtrates from certain hemotoxic strains of Staphylococcus 
aureus have several toxic properties, of which the most important 
are the hemotoxic, the necrotoxic, the leucocidic and the property of 
killing rapidly. 

2. The necrotoxic action appears to be caused by a constituent in 
the filtrates different from either the hemotoxic or the leucocidic one. 
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THE GROWTH AND DEATH OF TISSUE CULTURES 
EXPOSED TO SUPRANORMAL TEMPERATURES 


By GREGORY PINCUS, S.D., and ALBERT FISCHER, M.D. 

{JProm the Laboratory of General Physiology, Harvard University, Cambridge, 
Massachusetts, and the Guest Laboratory of A. Fischer, Kaiser Wilhelm 
Institute for Biology, Bcrlin-Dalilem, Germany) 

Plate 29 

(Received for publication, June 1, 1931) 

In an attempt to investigate the nature of the recovery of tissues 
from sublethal exposures to supranormal temperatures it was noted 
that cultures exposed to higher temperatures for short periods of time 
and then returned to an incubator at 39®C. would grow at essentially 
the same rate as controls kept continuously at 39°C. Exposures for 
longer intervals of time led to an inhibition of growth, and it was hoped 
that by employing various intervals of exposure at various tempera- 
tures some measure of this inhibition would be had. It is a matter 
of some interest also that beyond a certain critical exposure time all 
growth is inhibited and death ensues, and we have been interested to 
ascertain whether the lethal exposure represents a period in which all 
cells are killed directly or whether some factor necessary for their 
growth is destroyed. The departure of one of us from Germany before 
all the experiments could be completed prevented a complete answer 
to the problems we set ourselves. At the same time we believe that 
certain interesting implications in the available data are worthy of 
mention. 

Method 

The experimental material consisted of pure cultures of chick osteoblasts. The 
tissue was cultured ordinarily in Carrel flasks containing chicken blood plasma and 
a supernatant fluid consisting of 15 per cent cmbrj-onic juice in TxTodc solution. 
The supcmalanl fluid was changed cvcr>' 3 days (sec Fischer, 1930), Certain 
cultures were carried on in the ordinaiy way on cover-glasses, the medium con- 
sisting usually of equal parts of 25 per cent cmbrx'onic tissue juice and blood 
plasma. Ihc ensuing account will be confined almost exclusively to the behavior 
of tissues grown in Carrel ilasks. 
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The cultures were prepared cutting the tissue of a health}', growing culture 
of osteoblasts into two approximately equal sized pieces. One of the transplants, 
used as a control, was placed in a flask that was kept in an incubator at 39°C. The 
other transplant was exposed to the higher temperature by placing the flask in a 
water bath, and then returned to an incubator at 39°C. after a definite interval. 
Records of tlie growth of the cultures were made by daily measurements of their 
areas. Measurements were taken from 3 to 8 da 5 's after the initial transplanta- 
tion. The inaccuracies ordinarily attributed to areal measurements are apparently 
of no great significance in our experiments, since both growth inhibition and 
death are verv' definitely indicated in the growth curves obtained. 

Experimental cultures were exposed to five temperatures ordinarily considered 
supranormal, namely: 42°C., 44°C., 47°C., 50°C., and 52°C. In all the experi- 
ments to be described the temperature never varied b}' more than -f 0.1°C. during 
exposure periods, and usually the variation was much less. In order to insure 
rapid and effective thermal penetration the flasks were immersed in the water of the 
thermostat, except for certain experiments conducted at 42°C. where prolonged 
exposures necessitated placing the cultures in an air chamber that was in turn 
immersed in a properly heated water bath. 

Our first, rather surprising, experience was that cultures growing 
at 42°C. would, apparently, continue to do so for an indefinite period. 
No lethal exposure period could be found. Furthermore, tlie growth 
of cultures at 42°C. continued at approximately the same rate as in 
the control cultures at 39°C. The only indications of any growth 
inhibition occurred in the so called “faster growing cultures” exposed 
for fairly long periods (Chart 1). 

It will be seen that all cultures exposed to 42°C. for more than 30 
hours continue to grow, but at a relatively slow rate, so that after 9 
days of growth they attain an area of approximately SO units. In 
fact the growth rates of cultures exposed to 42°C. for more than 30 
hours are practically identical whether the exposure has been for 45 
hours or 9ih hours, and no matter what rate of growth tlie control 
cultures exhibit. It is as though exposure to 42°C. beyond a certain 
time results in the induction of a definite slow growth rate. We have 
not exposed cultures to 42^0 . for more than 130 hours and it is possible 
that extremely lengthy exposures might result in lethal effects. 

Cultures e-xposed to 44°C. also proved exceptionally resistant. 
Certain cultures kept at this temperature for 124 hours continued to 
live and grow. In an attempt to discover if any lethal effect could be 
had a set of five cover-slip cultures was prepared. These were kept 
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at 44°C. and transplanted to fresh media every 2 days. After 144 
hours one culture was still alive and four were dead. In another 
series one such culture showed the growth of a few cells, after 168 hours 
exposure to 44°C. 



0 12 3 4 0 1 2 J 4 5 

Ttme-Dey^ 


Chart 2. Growth of cultures exposed for varying intervals to 44°C.: L 
Exposure time — Ih hours; II. Exposure time = 3 hours; III. Exposure time = 
15 hours; IV. Exposure time = 46 hours. 

Despite the fact that no lethal exposure time was observed in our 
flask cultures, a ver}’’ obvious inhibition of growth occurred in all 
exposures lasting 3 hours or more. This is graphically illustrated in 
Chart 2. The growth inhibition does not manifest itself until after 
an;appreciable latent period; then, as the curves illustrate, the growth 
rate falls off even though the cultures have been returned to the incu- 
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bator at 39°C. before any effect on the growth rate is noticeable. 
This latent period preceding the change in growth, curiously enough, 
appears to be about 1 day in length whether exposures have been made 
for 3 hours or for 46 hours. Since our measurements were made every 
24 hours it is difficult to decide exactly the length of this latent period, 
but it is certainly between 24 and 48 hours long in each case. We had 



Chart 3. Growth of cultures c.Tposed for van.'ing intervals to 47°C.: I. Ex- 
posurc lime = 40 minutes; II, Exposure time = 60 minutes. 


hoped to obtain indications of the reduction of this latent period with 
increasing periods of exposure, but no such indications are to be had, 
at least within the limits of determination possible with our methods of 
measurement. 

One other consideration worthy of mention here is that cultures ex- 
posed to 44*^0. for 5 hours or longer will show this definite inhibition 
of growth, although after a period of time the growth rate vrill again 
become almost nonnal. 
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When exposures were made at 47°C. definite lethal effects were 
observed. Cultures exposed to 47°C. for 1| hours always die. Cul- 
tures exposed for 1 hour will in some instances die, in others live. 
Although cultures exposed for less than an hour invariably continue 
to grow there is a definite inhibition of growth in cultures exposed for 



Chart 4. Growtli of cultures exposed for varjdng interx^als to 50°C.: I. Ex- 
posure time = 1 minute; II. Exposure time = 2 minutes; III. Exposure time = 
3 minutes; I^^ Exposure time = 4 minutes. 

30 minutes. An exposure of less than 30 minutes results in no de- 
tectable inhibition of growth. 

Here again the latent period preceding definite growth inhibition is 
approximately 24 hours, irrespective of the length of e.xposure. Simi- 
larly, in cultures which have been subjected to lethal exposures there 
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is a definite growth for 24 hours and then all growth ceases and death 
ensues. This is illustrated graphically in Chart 3 where the data are 
presented for a culture dying after 1 hour’s exposure to 47°C. Note 
that apparently for 24 hours the experimental culture continued to 
grow at the same rate as its control, or at a slightly faster rate. Ob- 
serve also that this 24 hour latent period preceding any manifestation 
of the effect of exposure is similarly exhibited in a culture receiving a 
sublethal exposure. In this and in all succeeding experiments we have 



Chart 5. Growth of cultures exposed forvar>dng inlciA^als to52®C.: I. Ex- 
posure time «= J minute; II. Exposure time = 1 minute; III. Exposure time « 
2 minutes; IV. Exposure time = 2J minutes. 


denominated an exposure as lethal when the culture e.xposcd shows no 
growth after a 24 hour internal. We have verified the fact that cul- 
tures that cease to grow arc really dead, by making transplantations 
of such cultures into fresh media. In no case was renewed growth 
observed, whereas all cultures showing continued growth after sub- 
lethal exposures did grow (and at a normal rate) on transplantation 
to fresh media. 

1 he lethal exposure at 50"'C, is l)etv.*ecn 5 and 6 minutes, v.*I;creas 
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growth inhibition is established definitely after 2 to 3 minutes of 
exposure. Again we notice that the manifestation of growth inhibi- 
tion and death is not had until after 24 hours of growth (Chart 4) . Our 
findings for exposures to 52°C. are similar, except that the lethal 
exposure is reduced to 3| minutes, the definitely inhibitory exposure 
to f minute. 

The findings for the five temperatures studied are summarized in 
Table I. 

The data expressing the relation to temperature of the exposure 
time just necessary to induce growth inhibition can be fitted by the 
Arrhenius equation, and the value of the constant fx in this equation 
becomes 149,300 ± calories. Such a high value is characteristic of 
processes involving thermal destruction (cf. Brown and Crozier, 1927; 


TABLE I 


1 

Temp. 

Growth inhibition after exposure 

Death after exposure 

Observed 

Calculated (fi = 149,300) 

“C. 

vtirtn 

w / m . 

mirK 

42 

? 

— 

, ? 

44 

180 

215 

? 

47 

30 

24 

105 

50 

2.5 

1 2.7 

6 

52 

0.75 

1 0.65 

3.5 


Westermarck, 1927). The temperature coefiicient for the actual 
death of the cultures in these experiments is also very high, but the 
data do not permit its accurate calculation. Most experiments on 
the “thermal death .point” of tissues grown in culture are too scant 
to permit any reliable calculation of the temperature characteristic, 
though all indications are that it is very high. The chief concern of 
most experimenters has been to determine tlie exact lethal exposure 
time at temperatures just above normal. Friedgood (1928) for ex- 
ample, established that Walker rat sarcoma cells were killed by a 30 
minute exposure to 44°C., but found no differences between the sus- 
ceptibilities of the malignant cells of the tumor and the normal mono- 
nuclear elements. Other workers have also been concerned with the 
relative susceptibilities of malignant and normal tissues (for references 
see Friedgood, 1928; and Westermarck, 1927). We have been un- 
able to discover, however, any detailed analysis of the growth of tissue 











5S3Hp£SS?^ 

We have ascertaS't hau,^™“‘ in 'uu"l° ^ 

^^«orin the embryonic tk •" ^ destrucf.V, ^ 

f Seating three sa^ll experS^en^ 

5 minutes, and 7 minute ^ ^^^^^onic juice at “inop simply 

taming these samn] ^ ^^spectively t,-„ ^ niinutes 

S' up is reversibT"^-^ the cells^oTT''^ 

<^tha] exposures (see pI r ^ "^'th subiethal ?. ^ culture 

t-Peratures aC,t Drake, not 

'" 'his Conner, ”™* Sroivlh. „■„ en>ounts of a suhsh*'"^ 

■<eddc. I, ,-, ,. “""'•incc 


»'C. 5«“ of coe^e, .fa, , . ‘'''“'d enlj- a / ' 

pj^'lsnin n.t KrSr> 'S JtSf^oivj?un,.^J. ^Jcatinp cmK,-, . . 





332 


TISSUES UNDER SUPRANORMAL TEMPERATURES 


slowly growing fibers at 46°C. At 44°C., however, he did apparently 
observe the usual number of growing elements, but these showed a 
reduced rate of growth compared with the maximum at 39°C. A 
reduction in the rate of biological processes beyond certain definite 
critical temperatures has, of course, been repeatedly observed (cf. 
Crozier, 1926; Crozier and Stier, 1927). 

SUMMARY 

In a study of the growth of chicken osteoblasts in cultures exposed 
to supranormal temperatures of 42°C., 44°C., 47°C., 50°C., and 52°C., 
it has been observed that: 

1. There is no lethal effect after prolonged exposures at 42°C. and 
44°C. 

2. Cultures are killed after an exposure of 105 minutes at 47°C., 
of 6 minutes at 50°C., and of 3.5 minutes at 52°C. 

3. A definite inhibition of growth occurs after different exposures 
at all temperatures from 44°C. onwards (see Table I). 

4. There is a latent period of approximately 24 hours before any 
discernible effect of sublethal or just lethal exposures; this latent 
period appears to be independent of the duration of the sublethal 
exposure and of the temperature. 

5. The high temperature coefficients for lethal exposures and for 
exposures just sufficient to inhibit growth indicate an underlying 
“destructive” process in the cells of the culture. 
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EXPL.VNATION OF PLATE 29 

Fig. 1. Microphotograph of a culture e.^posed to 50’C. for 7 minutes. The 
staining was done with Haidenhain’s iron-hematox-j-lin. X 165. See te.\t. 

Fig. 2. Microphotograph of a culture e.xposcd to 50’C. for 4 minutes. The 
staining was done with Haidenhain’s iron-hematoxylin. X 165. See text. 
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THE INDUCED DEVELOPMENT AND HISTOGENESIS OF 

PLASMA CELLS 


By franklin R, MILLER, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical ResearcK) 
Plates 30 and 31 

(Received for publication, June 4, 1931) 

It is known that plasma cells occur normally in the connective 
tissues of warm blooded animals and that they are increased in num- 
bers around various pathological lesions. In a study of the cellular 
reactions to the different chemical fractions of the tubercle bacillus, 
Sabin, Doan, and Forkner (1) reported the presence of these cells in 
rather large numbers in the omenta of rabbits after intraperitoneal 
injections of tuberculo-protein. 

The present work was undertaken to determine the effectiveness 
of the tuberculo-protein as a stimulant for plasma cells; and to use 
the resulting proliferations of plasma cells for a study of their 
histogenesis. 

If the plasma cell is accepted as a definite cellular entity, it must 
have a maturation cycle, as have the myeloid elements and the lym- 
phocyte (2). The cellular reaction following intraperitoneal injections 
of tuberculo-protein has made it possible to follow the evolution of 
plasma cells from primitive undifferentiated mesench>Tnal cells, 
through maturity, into Russell body cells and other degenerative 
forms. 

The name plasma cell was introduced by Waldeycr (3) in 1875. From his work 
it is not clear that he described a specific t>pe of cell. A definite cell strain was 
first recognised by Cajal (1890 (4)) in the condylomata of s>’phiii 5 . He named 
them cells cyanopkils. Unna (1891 (5)) found cells in the lesions of dermal tuber- 
culosis which he called plasma cells. He described them as having a basophilic, 
spong>', or granular cytoplasm, the granuloplasm. Their nuclei were cither 
centrally or eccentrically placed, and the chromatin content and arrangement 
were variable. His only constant specializing criterion was basophilic granulo- 
plasm, and as a result of this he included under the catcgoiy of plasma cells many 
cells with basophilic cytoplasm, which were probably derivatives of other strains. 
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Marshalko (1895 (6)) selected certain morphological characteristics as the 
essential criteria of the t 3 ^pical plasma celL By his definition such a cell must 
have basophilic cytoplasm, showing a clear area in the center, be round or oval, 
have a round, eccentrically placed nucleus with the chromatin condensed near the 
nuclear membrane and arranged radially in blocks. Cells that have these criteria 
are known today as t 3 T>ical plasma cells. It was Marshalko’s belief that they 
originated from hematogenous lymphocytes. 

Downey^s (7) discussion of the controversy over the origin of plasma cells shows 
that many believe them to be derived from lymphoc 3 ^tes, either hematogenous or 
histogenous, while others think they take origin from primitive mesench 3 TOal 
cells. He gives evidence to support the view that the 3 ^ are derived from both 
t 3 ^pes of lymphocytes, but in greater numbers from the hematogenous variet 3 ^ 
In describing plasma cells in the mesentery of the frog, he shows that the Russell 
body cells are the end stage of their development and are present normal^. The 
Russell body cells are plasma cells which have fulfilled a cellular secretory func- 
tion, having built up some material in their cytoplasm, w^hich first appears as 
granuloplasm, and later, becoming h 3 ^alinized, is present as the Russell bodies. 
An excellent review of the literature has been given recently by Michels (8). 

Although plasma cells are found in normal connective tissues, they 
are present in the greatest number in organs which act as bacterial 
filters or which presumably have a detoxifying function, notably the 
lymph nodes and omentum. This, together with their presence in 
certain pathological lesions, suggests that they act to detoxify bac- 
terial and other toxins. 


M cthods 

Three tuberculo-proteins were used to stimulate the production of plasma cells, 
as follows: (a) one isolated b 3 ^ Johnson and Coghill (9), designated water-soluble 
304; (6) an alkali-soluble fraction, also isolated b}’' Coghill (10); and (r) a water- 
soluble material similar to that of Johnson but prepared b 3 ’' the Mulford Compan 3 ' 
(MA-100). The first two, because the 3 " were slightly acid, were suspended in 
distilled water or salt solution and caused to dissolve by the addition of enough 
1 per cent NaOH to give a neutral reaction to litmus. The Mulford protein, 
MA-100, was received in salt solution and injected in this form. 

Eighteen animals were emplox^ed in the experiments. To stimulate the cells 
in the omentum, seventeen of them were given intraperitoneal injections of one 
of the proteins. Two of the seventeen animals were also given intravenous injec- 
tions, and three were injected subcutaneoush'. The remaining animal was given 
intravenous injections onh'. 

Table I indicates the number of injections, the t 3 T»e and amount of protein each 
animal received, and the interv’al between the last injection and autop53'. 

After its course of injections, each animal was killed by intrav'cnous injection 
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of air and an autopsy was performed. The omentum was spread over a slide 
prepared ^Yith neutral red and Janus green for study by the supravital method. 
Lymph nodes were scraped and prepared for supravital study. Parts of the 
various organs which seemed to be injured by the action of the protein were fixed in 
Hell 3 ^’s solution and then they were stained with hematoxylin and eosin, or with 
Giemsa, for microscopic study. 


TABLE I 


Rabbit No, 

Type of protein 

Number of 
injeclions 

Amount of each 
injection 

Interval between 
last injection and 
autopsy 


304 

3 

ms. 

20 

days 

7 


304 

3 

20 

10 

R 1734 

Alkali-soluble 

5 

10 

7 

R1803 

Ma-100 

5 

20 

11 

RICOO 

304 

4 

20, ip. 

2 

R 1105 

304 

6 

10, iv. 

! 20 

2 

R 1735 

Alkali-soluble 

1 

10 

6 

R 1151 

304 

12 

10 

2 

R 1153 

Alkali-soluble 

12 

10 

2 

R 1112 

304 

7 

14, ip. 

5 

R 1109 

304 ! 

10 

6, sc. 

20 

1 

R 1104 

304 

12 i 

20 

3 

R 1804 

^lA-lOO 

13 

20 

21 


304 

15 

18, ip. 

4 

U 1102 

304 

20 

6, sc. 

20 i 

7 

R 1168 

Alkali-soluble 

25 

10, ip. 

2 

R IGOS 

304 

36 

5, sc. 

(5 injections) 

10, iv. 

2 

R 1211 

304 

10 

48 

10, ip. 

10, iv. 

2 

Not dc.'id 


Induced Foci of Plasma Cells 

At autopsy the omentum usually showed a h\’pcrplastic reaction; 
it was thickened, had an increase of milk spots, as well as mudi nevr 
fibrous tissue and many new blood vessels. In several of the animals 
(R 1102, R 116S, R 1153, R 1735*) small white nodules were found 

' These arc serial numbers of tlic work of the department coverinj; a term of 
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attached to the omentum, body wall, and large intestine. Often 
there was inflammation of the body wall, with a new growth of small 
vessels and a roughening of the whole surface. 

The omenta of five normal rabbits (R 650, R 651, R 652, R 578, and 
R 879) were studied in comparison witli those of the experimental 
animals. Plasma cells were found in only two of these and in rather 
small numbers. The greater part of each normal omentum, as seen 
in section, was made up of fat cells. The remainder of the cellular 
structure was made up of undifferentiated cells, small groups of lym- 
phocytes, a few monocytes, and a network of mesothelial cells. 

Table II indicates the organs in which plasma cells were found in 
the experimental animals. The omentum was the site of the greatest 
proliferation of these cells, although they were present in the liver, 
spleen, cecum, body wall, and scattered lymph nodes. Two animals 
which received intravenous injections also showed a few plasma cells 
in the bone marrow. In the omentum the plasma cells were found in 
the milk spots, about the blood vessels, and scattered through the 
connective tissue. Some omenta were so stimulated by the protein 
that the plasma cell was the predominating cell element (Fig. 5). 
Where they were so vastly increased in numbers, the l}unphocytes 
were also increased. New lymph follicles with germinal centers could 
be made out where the irritation had been greatest. Plasma cells 
were not seen in these lymph follicles, although they often encroached 
on the borders of them. On the whole the two strains of cells were 
quite definitely segregated, but one animal (R 1168) had areas in the 
omentum in which plasma cells and lymphocytes were mixed. The 
l 3 miphocytes, as a rule, lay in the spaces between tlie fat cells, and 
the plasma cells alwaj’^s in the diffuse connective tissue. 

The white nodules noted on the omentum, body wall, and large 
intestines were made up of necrotic material. Many of the cellular 
elements were still recognizable in them as plasma cells and leucocytes. 
The tissue surrounding these nodules was usually made up of con- 
nective tissue cells, including man}'- plasma cells. One such nodule 
was taken from the large intestine of R 1735; another from the large 
intestine of R 1 153. In these could be seen three stages of the growth 
of new fibrous tissue. There were areas of degenerating plasma cells 
and leucocytes, areas of deposition of fibrin and slight hemorrhage, 
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and areas of new fibrous tissue. About the base of the gland cells 
were many lymphocytes and many young plasma cells. One nodule 
from the body wall of R 1168 showed an infiltration of the plasma cells 
into the connective tissue between the muscle bundles. The lung of 
R 1536 contained an area of bronchopneumonia about which was a 
small amount of fibrous tissue. In this fibrous tissue and infiltrating 
into the pneumonic area were many plasma cells. There were also 
present small nodules of lymphocytes with germinal centers. 

The animals which received the largest amounts of the protein over 
the longest periods of time (R 1102, R 1109, and R 1168) showed the 
greatest proliferation of plasma cells. These animals also revealed 
the greatest variety of stages in the life cycle of the plasma cell. 
The period elapsing between the last injection and the autopsy was a 
determining factor in the differentiation of the plasma cell. More 
true Russell body cells were found in the tissues of those animals, 
especially R 1804, in which this period was the longest. The largest 
numbers of degenerating plasma cells were not necessarily present in 
these animals, but time was probably not so much responsible for 
them as was crowding. 

Histogenesis of Plasma Cells 

Most of the plasma cells in both the stimulated tissues and the 
normal organs were of the typical Marshalko variety. However, 
other plasma cells with definite characteristics of immaturity were 
always seen in or near all the groups of typical forms. There were 
also older degenerating cells, but these were rare except in the necrotic 
white nodules which were composed of them almost wholly. 

The primitive mesenchymal cells and the young cells in the milk 
spots were the precursors of the plasma cells. Undifferentiated 
mesenchjTTie cells are normally present scattered diffusely in the con- 
nective tissues and Ijnng along the blood vessels. The milk spots of 
the omentum are made up chiefly of relatively undifferentiated cells 
which have the potentiality of developing into monocytes or macro- 
phages. These cells have been termed polyblasts by Maximow (11). 
Sabin ci al. (1) have shown them to be transformed readily into 
monocytes after intraperitoneal injections of the tuberculo-phospha- 
tide. Monocytes, hunphocytes, and cells which are more immature 
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than these so called polyblasts are also found in the milk spots. These 
yoimg cells in the milk spots also are often called primitive cells. In 
stained sections they appear slightly younger than blast forms’ of 
l)rmphocytes and leucocytes. 

Two primitive mesenchymal cells are shown in Fig. 1 (see arrows). 
These cells were characterized by large nuclei and little if any cyto- 
plasm. The structure of the nuclei was a fine network with little 
chromatin. This stained light gray-blue and the nucleoli, which were 
small and usually two or three in number, stained red or purple. 
When the cytoplasm was discernible, it was of a slightly basophilic 
quality. The development of the primitive cells into the Marshalkd 
type plasma cells was a graded transitional process in which both 
the nuclei and cytoplasm changed in staining quality and structure. 
The fact that the young cells were of different ages could be readily 
made out. Those slightly older than the primitive cells showed slight 
condensations of chromatin near the nuclear membranes. The nu- 
cleoli of these cells were somewhat larger than those in the* undifferen- 
tiated cells, and the cytoplasm showed beginning basophilia. The 
grade of basophilia of the cytoplasm and the amount of condensation 
of chromatin of the nuclei were indices of how far advanced from the 
primitive cell any one of these had become. Many of this t}"pe of 
cell are shown in Fig. 1. The photograph was taken from a section of 
body wall of R 1168. A portion of the section was composed almost 
entirely of young cells and there were also a few lymphocytes. The 
part shouTi was from a nodule in the body wall which was almost 
tumor-like in its cellular picture. Tj^Dical plasma cells were seen in 
groups and scattered throughout all parts of the tissue surrounding the 
nodule. 

As the young forms matured, they fulfilled the criteria of tlic ^lar- 
shalko plasma cells. Young cells were seen which had one or all of tlic 
specified diaractcrs. Some had a distinctly basophilic cytoplasm 
until a clear area in its center. The chromatin in tlic nucleus was so 
condensed as to give tlic appearance of the cart-wheel nucleus, a 
Radkmtf and in most of this tj^pe of cell tlie nucleoli were retained. 
The nuclei were cither eccentric or central in position. 

In groups of the young plasma cells some were found with mitotic 
figures; one sudi is shoum in Fig. 1. Reproduction of the plasma cell 
in this early phase by mitosis, though not rare, was not very common. 
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As the cells matured, the nuclei became smaller and the chromatin 
more condensed, especially at the nuclear membrane. The condensa- 
tion of the chromatin was in blocks which gave the characteristic 
cart-wheel nucleus. The basophilic quality of the cytoplasm became 
more pronounced. Most of this type of cell had eccentrically placed 
nuclei and clear areas in the centers of their cytoplasm. In these 
mature cells the nucleoli were lost. These cells are shown in Fig. 2. 
In this figure are seen typical plasma cells and also two or three cells 
which have one or more of the criteria of Marshalko plasma cells, but 
which are too young to have them all. There are also areas such as 
that represented in Fig. 5, in which all the cells are of the mature type. 
The plasma cells proliferated by both mitosis and amitosis, and this 
latter fact is shown by the presence of two or three nuclei, or by large 
cells budding smaller ones. 

Even in the mature plasma cells, gradations of morphological 
character were evident. Not only were some obviously younger than 
the tjqiical Marshalko variety, but there were also older ones. The 
cytoplasm of these latter had become spongy and somewhat granular. 
The spongy cytoplasm conformed to the description of granuloplasm 
by Unna. The nuclei of cells with granuloplasm were usually smaller 
than those of the less mature cells. The cytoplasm of the younger 
cells, whether of the pre-Marshalko type or of the Marshalko type, 
appeared homogeneous in contradistinction to the granuloplasm. 

Following the development of granuloplasm, the plasma cells began 
to degenerate. Two types of degeneration occurred. Some cells, as 
they became senile, lost their basophilic appearance, the nuclei became 
pycnotic, and often vacuoles appeared in the cytoplasm. There 
developed in certain of these cells hyaline bodies with the same appear- 
ance and staining reactions as the true Russell body cells. Most of 
the cells undergoing degeneration of this first sort were packed closely 
together, and it is possible that crowding led to their degeneration. 
The other tj^je of degeneration was into characteristic Russell body 
cells. Some of the plasma cells developed acidophilic granules and 
hyaline or crj'stalline bodies appeared later in the cytoplasm; each of 
these bodies seemed to be a segregated part of the latter. The nuclei 
were fragmented or pycnotic and usuall}’’ were in the eccentric position. 
The true Russell body cells were found infrequently in any of the areas 
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teristics of age were not marked in preparations made by this tech- 
nique, except in the case of the Russell body cell. 

Russell body cells were found in the tissues of three of the experi- 
mental animals. The cytoplasm of these cells appeared as gray as the 
cytoplasm of the younger cells. Some of the Russell body cells had 
from three to five cytoplasmic lobulations; others had lobulations 
which entirely filled the cells. Each lobulation seemed to be a segre- 
gated part of the protoplasm, and was smooth and non-granular. 
The nuclei were always eccentric in position and usually smaller than 
those of the less mature cells. The cells with the larger number of 
lobulations had no mitochondria, and the nuclei were so small that 
they could not be seen or else possibly were directed away from the 
microscope. 

The cells described here as plasma cells were found singly and in 
groups throughout all stimulated omenta and were usually beneath 
the surface, so that they were difficult to bring into focus. They were 
most numerous along the blood vessels and in the milk spots. Lym- 
phocytes were also seen, but as already mentioned, they were rarely 
in the groups of plasma cells. 

The two animals which received intravenous injections of the protein 
developed as many as 4 per cent plasma cells in the peripheral blood 
stream on several occasions. Here they had the same tinctorial 
properties as in the omental spreads, but they usually contained from 
five to eight neutral red bodies grouped in the center of the cytoplasm. 
Maximow (11) has previously shown that the clear area is the site of 
the centrosome, and it is not therefore peculiar that there was a 
grouping of the vacuoles stained mth neutral red around this space. 
The mitocliondria stained more brightly and were seen with less 
difficulty than in the omental spreads. They were usually scattered 
throughout the cytoplasm. The nucleus often was very indistinct, 
being of about the same shade of gray as the cytoplasm. 

Unstimulated omenta also contained cells which were recognized as 
plasma cells. In these omenta they were found rarely, although one 
animal (R 1606) had many of them. 

By the supra\’ital technique, plasma cells were differentiated from 
Ijunphocy tes by their darker gray cytoplasm, eccentric nuclei, and the 
variations in size, staining quality, and distribution of mitochondria. 
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In the young lymphocytes the nuclei were usually large and the 
mitochondria stained with ease and were grouped about the periphery 
of the nucleus. The nucleus of the young lymphocyte stood out 
plainly, while that of the plasma cell was usually indistinct. 

The plasma cells in these same omental spreads, when stained with 
methylene blue and Giemsa, were for the most part of the Marshalko 
type. The cytoplasm of many of them had a tendency to be granular. 
Russell body cells had the same appearance as in tissues stained with 
hematoxylin and eosin. The nuclei of the typical plasma cell showed 
an unaltered chromatin arrangement, but stained light pink. As by 
the supravital technique, these cells were grouped about blood vessels, 
in the milk spots and scattered throughout the connective tissue 
stroma. In some parts of each omentum many lymphocytes were 
found, but only rarely amongst the plasma cells. 

Some omenta showed increases in the number of fibroblasts and 
clasmatocytes. In these, often, the fibroblasts were seen with their 
fibrils about single plasma cells. This peculiar relationship is shoum 
in Fig. 4. 

Lack of Relaiionship of Plasma Cells and Lymphocytes 

In many aspects plasma cells and lymphocytes resemble each other. 
Plasma cells are found where lymphocytes develop, and the stimulat- 
ing effect of the tuberculo-protein causes many young lymphocytes 
and new lymph follicles, as well as plasma cells, to be formed. The 
plasma cells are found almost always in the connective tissues; even 
when found in the Ijunph nodes they are in the connective tissue 
cords. They arc a constant element in the subma-xillarj’ Ij-mph nodes 
and occasionally may be present in any other of the lymphoid struc- 
tures (Table II). In the submaxillarj' nodes they are usually present 
in rather large numbers, while in other nodes they are few in number. 

As a rule, plasma cells are absent from tlie popliteal and inguinal 
nodes. Because of this, and the fact that Ijmphocj'tcs liave been 
termed the precursors of plasma cells, these nodes were subjected to 
direct stimulation or irritation by tlie protein. To effect this stimula- 
tion of the inguinal nodes, two animals were inj’ected subcutaneously 
in the groin. .Another animal was given injections of the protein into 
its left foot pad so that the material would drain thixtugh the pojditcal 
node. 
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R 1106 received fifteen injections of the material in the right groin, each of 6 
mg. in 2 cc. of fluid. R 1112 received five similar injections in the right groin. 
R 1168 was given five injections of 5 mg. each in its left foot pad. When these 
animals w'ere autopsied, supravital studies of the regional tymph nodes showed no 
plasma cells. The inguinal nodes of R 1106 were very much enlarged and con- 
tained epithelioid cells, but those of the other animals were not enlarged and were 
free from abnormal components. 

The fixed sections of the right inguinal nodes of R 1106 contained few plasma 
cells, and there were a few scattered plasma cells in the left popliteal nodes of R 
1168. The other regional nodes or those which were subjected to the irritation 
of the protein were free from plasma cells. 

Young plasma cells differ much from young Ijmiphocytes in their 
morphology. The nuclei of young plasma cells are denser in chromatin ; 
they simulate the nuclei of the older cells, but are larger and usually 
contain nucleoli. The primitive cells, of course, are so undifferentiated 
that they have no specializing criteria. Primitive cells which form 
plasma cells are much like those that form lymphocytes. The cyto- 
plasm of the youngest differentiated cells of the plasma cell series is 
usually basophilic, although not so markedly as that of older cells. 
Young lymphocytes appear much like the young plasma cells, although 
their nuclei are centrally placed, and often bean-shaped. The chro- 
matin in the nuclei of the young cells of the lymphocyte series is 
usually in thread-like formations, not condensed near the nuclear 
membranes. The cytoplasm of these cells is slightly less basophilic 
than that of the plasma cells. Mitotic figures are more frequently 
seen in groups of young lymphocytes than in plasma cells. 

Young lymphoc^des are best seen in or near the germinal centers 
of the l}Tnph nodes. The mesenteric nodes contain many more young 
forms than do other nodes, and they are abundant in the sinuses. 
Where tliese young cells are found there are no plasma cells of the 
Marshalko t>q>e. 

There is no difficulty in discriminating Marshalko plasma cells and 
the degenerating forms from l}mphocytes of all t3’’pes. It has been a 
rule to rescr\"e tlie name plasma cell for these mature forms. How- 
ever, many workers have included abnormal tjqjes of cells in this cate- 
gor}\ This should not be done unless these cells have one or several 
of the characters of true plasma cells, and showby pro.ximity that they 
arc developing into more mature tj'pical forms. The differential 
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characters of the young cells of the lymphocytic and plasma cell series 
are definite though not marked. This, together with the fact that 
few plasma cells developed in organs rich in lymphocytes after direct 
stimulation of those organs, makes it clear that plasma cells are not de- 
rived from lymphocytes. With a separation of the young cells into 
two classes the maturation cycle of the plasma cell is complete. 

SUMMARY AND CONCLUSIONS 

As result of finding numerous plasma cells in the omenta of rabbits 
injected with tuberculo-protein, a method to induce the production of 
large numbers of these cells has been discovered. The tissues in which 
they were pronouncedly increased were the subserosal connective 
tissues of the omentum, body wall, and intestinal wall. 

The precursor of the plasma cells is a primitive connective tissue 
cell. As this cell develops into the t3T)ical Marshalko plasma cell 
there is a progressive increase in the basophilia of the cytoplasm, the 
nucleus becomes eccentric, a condensation of the chromatin occurs 
near the nuclear membrane, and there is a loss of the nucleoli. At 
the time w^hen the nucleus assumes the eccentric position, the clear 
area appears in the center of the cytoplasm. The early cells are 
capable of reproducing themselves by mitosis, while the typical mature 
cells divide by amitosis. 

The mature plasma cells often have muddy, spongy cytoplasm which 
contains acidophilic or hyaline granules as the cells grow old or begin 
to degenerate. The cells with granules or hj^aline bodies usually 
have pycnotic or fragmented nuclei. These cells are the final stage 
reached by some plasma cells. Others, when degenerating, show 
vacuoles and signs of senility. Those nnth the granules and hyaline 
bodies arc the so called Russell body cells. 

Plasma cells developed in greatest numbers after our largest injec- 
tions of tuberculo-protein. The differentiation into 3'oung, mature, 
and senile forms was most clearly recognizable when some days had 
been allowed to elapse after the last large injection of the stimulating 
agent. 

A description of the plasma cell as viewed supra\ntaUy has been 
given. The cells are met in the blood stream as well as in the tissues. 
They arc characterized by their deep yellowish gray cytoplasm, in- 
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distinct eccentrically placed nuclei, and large numbers of mito- 
chondria. 

The plasma cells differ from lymphocytes, in that they did not 
develop in large numbers after direct stimulation of the lymph nodes 
with tuberculo-protein. The young plasma cells also differ in mor- 
phology from the young lymphocytes. When plasma cells were found 
in the lymph nodes they were in tire connective tissue cords. 

The plasma cell is a definite entity, having a maturation cycle. 
It is stimulated to great proliferation by certain toxic irritants. 

BIBLIOGRAPHY 

1. Sabin, F. R., Doan, C. A., and Forkner, C. E., /. Exp. Med., 1930, 52, suppl. 

3,1. 

2. Wiseman, B. K., J. Exp. Med., 1931, 54, 271. 

3. Waldeyer, W., Arch. mikr. Anal., 1875. 11, 176. 

4. Cajal, S. R., Manual de anatomia patologica general, 1st edition, Barcelona, 

Casa Provincial de Caridad, 1890. 

5. Unna, P., Mouatsh. prakl. Dermal., 1891, 12, 296. 

6. Marshalkd, Th., Arch. Dermal, u. Syph., 1895, 30, 3, 241. 

7. Downey, 11., Folia hacmalol., 1. Toil (Archiv.), 1911, 11, 275. 

8. Michels, N. A., Arch. Palh., 1931, 11, 775. 

9. Johnson, T. B., and Coghill, R. D., Am. Rev. Tubcrc., 1927, 15, 497. 

10. Coghill, R. D., J. Biol. Chem., 1926, 70, 449. 

11. Maximow, A., Bcilr. path. Anal. u. allg. Path., 1902, suppl. 5, 1. 

12. Bloom, W., Folia haemaloL, 1928, 37, 63. 

13. Forkner, C. E., J. Exp. Med., 1930, 52, 385. 

14. Jackson, H., Parker, F., and Bethea, J. M., Ain. J. Med. Sc., 1931, 181, 169. 

EXPLANATION OF PLATES 
Plate 30 

Fig. 1. Section from body wall of Rabbit R 1168 which received twenty-five 
intraperitoneal injections of 10 mg. each of alkali-soluble protein. It shows many 
young plasma cells; two arc primitive connective tissue cells (Arrows), many have 
eccentrically placed nuclei, and the chromatin of most of the nuclei shows a begin- 
ning condensation near the nuclear membrane. Hematoxylin and eosin. X 1,000. 

Fig. 2. Section from omentum of Rabbit R 1102 which received twenty intra- 
peritoncal injections of 20 mg. each of 304 protein. It shows plasma cells of the 
tjpical Tvlarshalko variety. The arrow points to a cell assuming the characters 
of the mature form. Hematoxylin and cosin. X 1,000. 

Fig. 3. Section from the wall of the large intestine of Rabbit R 1153 which 
received twelve intraperitoneal injections of 10 mg. each of alkali-soluble protein. 
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SWINE INFLUENZA 

I. ExPEimrENTAL Transmission and Pathology 
By RICHARD E. SHOPE, M.D. 

(From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research ^ Fruiceton, N. J.) 

Plates 32 to 34 

(Received for publication, May 6, 1931) 

Swine influenza C^hog flu”) was first recognized as a clinical entity 
in the fall of 1918. Because of the prevalence at the same time of 
human influenza and a marked resemblance in the symptoms of the 
two diseases Koen became convinced that they were the same. He 
therefore gave the name of ^‘flu” to the new malady of hogs (1). 

The cardinal features of s^vine influenza are amply presented in 
the veterinary literature (1-6). 

Swine influenza is essentially a disease of autumn and early winter and reaches 
epizootic proportions each year. The onset is sudden and the incidence in an 
affected herd is practically 100 per cent. Fever, anorexia, prostration of an ex- 
treme iypCj cough, and a peculiar abdominal tjpe of respiration are salient fea- 
tures of the disease. The animals ciy out when handled, which has been inter- 
preted as evidence of muscular tenderness. The period of illness is short, varying 
from 2 to 6 days, and in uncomplicated cases the rccover>’^ is almost as sudden as 
the onset. The mortality is stated to range from 1 to 4 per cent. Fatal cases 
exhibit an extremely edematous t>pe of bronchopneumonia. 

During the autumn of 1928 and of 1929 two epizootics were ob- 
served by the writer in eastern lowa.^ That in 1928 was ven^ severe, 

^ For material and advice about the disease we arc grateful to the following 
veterinarians of eastern Iowa: Drs. Fred J, Crow, J. S. Potter, and E. O. Thomas 
of Iowa City; A. H. Legenhausen, G. B. Mungcr, and J. W. Griffith of Cedar 
Rapids; H. J. Fr\' of Kalona, G. Lames of Dysart, J. B. BiyTint of Mt. Vernon, 
R. Schuchert of Keystone, J. C. Glenn of Xonw% and R. E, Elson of I'intoa; 
also to Mr. X. \\\ Brooks of Cedar Rapids. 

\Vc are indebted to the Slate University of Iowa Medical School, and especially 
to Dr. O. H. Plant of the Department of Pharmaco!og\' and Dr. G. H. Hansmann 
of the Department of Patholog\’, for laboratorv* facilities during the autumns of 
192S and 1929. 
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and while the mortality as a whole probably did not exceed 4 per cent, 
in some herds the losses were more than 10 per cent. In 1929 the 
epizootic was extremely mild and the mortality was less than 1 per 
cent. 

The term “hog flu,” as popularly used, embraces more than one 
clinical entity. This point was particularly emphasized by our 1929 
field observations. While in 1928 the epizootic disease was so plen- 
tiful in eastern Iowa that material from typical cases was easily ob- 
tained, in 1929 much difficulty was encountered. Many cases were 
then seen in which a loose diagnosis of “hog flu” had been made. These 
animals, as a rule, were foxmd to be suffering from a respiratory affec- 
tion, quite often simulating the true epizootic swine influenza in some 
respects but differing markedly in others. The true nature of .the 
condition could usually be recognized by the absence of prostration on 
the part of the affected animals, the greater chronicity of the disease, 
and the failure of more than a small portion of the herd to become 
affected. 


Experimental T ransmission 

Swine influenza has been established without difficulty by experi- 
mental infection of swine with eight separate strains of the disease 
brought from Iowa. 

Infectious material was transported in tubes packed in iced thermos jugs and 
was usually cn route for from 36 to 48 hours. The method used in inducing in- 
fections was that described by McBryde, Niles, and Moskey (6). It consisted in 
the intranasal instillation of either suspensions of bronchial mucus alone or mix- 
tures of suspensions of bronchial mucus, bronchial lymph nodes, and diseased 
lung. The instillations were made witli a Luer syringe without needle by press- 
ing tlie tip of the sjTinge into the external nares. The suspensions were prepared 
in either distilled water or infusion broth and were made up to between 10 and 20 
per cent. The dosage of suspension administered usually ranged from 5 to 30 
cc., but Upical and severe influenza was produced bj' the intranasal injection of 
doses as small as 1 cc. Onl\- a small portion of the material administered was re- 
tained, for most of it was either sneezed or blown out of the nostrils. 

After the establishment of the disease animals from which material for further 
inoculations was to be taken were slaughtered on tlic 3rd or 4th day following the 
first appearance of a temperature in e.xcess of 40°C. The disease has been main- 
tained for study by this tj^pe of serial passage. 

Because of the highly contagious nature of the disease it has been necessary 
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to exercise extreme precaution in the isolation of individual experimental animals. 
Our individual isolation units have been used. We have followed the technique 
of isolation used here for the study of experimental hog cholera. This practice 
has been tested repeatedly for both bog cholera and swine influenza and found 
sufficient to insure complete isolation. 

Unlike McBryde and his coworkers (6) we have encountered no 
spontaneously immune animals during the investigation. The prob- 
able explanation is that McBryde investigated the disease during the 
epizootic period in Iowa and used as his experimental animals swine 
from the same region. These animals may have been in contact with 
the disease prior to their use experimentally and may in consequence 
have developed some degree of immunity. Such a possibility was 
eliminated in our ovm experiments. All of the transmission work 
was conducted at Princeton, New Jersey, and the experimental ani- 
mals were either raised on the Institute farm or purchased from nearby 
farmers. Epizootic swine influenza does not occur in the locality. 

The method of inoculation has been adequately controlled. Normal 
swine have been injected intranasally vnth. large doses of suspensions 
of lung and bronchial lymph nodes from normal sunne and in no in- 
stance has any evidence of illness developed or anything suggestive 
of influenzal disease been encountered at autops3^ 

Clinical Features of Experimental Swine Influenza 

The s\’mptoms induced by the several strains of su'ine influenza 
have varied in degree but very little in t^pe. 

Strain 1 (1928) induced a more severe and virulent swine influenza than Strain 
2 (1928) and Strain 2 in turn was more virulent than Strains 5, 6, 7, and 10 (1929). 
Strains 14 and 15 (1930) induced a disease which was of about the same severity 
as that induced by Strain 1. The actual mortality of the experimental disease 
was not determined, for most of tlie experimental s\Yinc were killed on the 2nd to 
4th day of fever for bacteriological and pathological studies. However, fatal in- 
fections resulted five times follow ing infection ^Yith Strain 1 , four times following 
infection with Strain 14, and six times following infection vrith Strain 15. The 
mortality can be safely estimated as higher than that in the naturally occurring 
field disease. 

The incubation period w'as found to be short. For animals infected bv pen con- 
tact it varied from 2 to t days w'ith the average at 4 days. .-Xnimals inicctel bv 
intranasal instillation became ill more promptly and usually within 24 to 4? hours 
exhibited r. sh.arj') rise in temperature. 
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Fever, i.c*, a temperature of 40®C. or higher, was in all cases the first observable 
evidence of illness. Accompanying the rise in temperature, or following it very 
shortly, there was a mild degree of malaise, mild anorexia, and a tendency for the 
animal to tire easity when made to exert itself. While there was considerable 
variation in the temperature reaction, as a rule on the 1st day it reached 40.4°C. 
but seldom exceeded 41°C, On the 2nd day of illness the fever, anorexia, and 
malaise were more marked. By the 3rd da}^ the temperature had as a rule reached 
its peak and frequently exceeded 41.5^C. and sometimes even 42 At this time 
respirator}’’ involvement was manifested by increased rate and a peculiar t 3 ^pe of 
diaphragmatic breathing, described popularly as '^thumping, and frequently a 
paroxysmal tjpe of cough was elicited when the animals were roused. They 
exhibited marked prostration, refused food, and lay listlessty in their pens. Their 


TABLE I 

Leucocytic Reaction in Experimental Swine Injlnenza 


Swine No. 

Before 

inoculation 

Days after inoculation 

2 

3 

* 

5 

6 

Leucocytes 
per c.mm. 

leucocytes 
per c.mm. 

Leucocytes 
per c.mm. 

Leucocytes 
per c.mm. 

Leucocytes 
per c.mm. 

Leucocytes 
per c.mm. 

459 

28,000 



BBBi 



461 

19,000 


B 3m 




549 

24,400 


B 3i^l 

B 

7,400 


555 

23,000 


B 



21,400 

562 

28,800 




11,400 


572 

22,600 



11,840 

1 

14,200 

583 

21,920 






587 

14,940 1 




IB 

1 
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condition on the 4th and 5th days was little altered from that on the 3rd day. 
Death occurred on the 3rd, 4th, Sth, or 6th da 3 "s and was preceded b}^ an exaggera- 
tion of all respirator}" s}"mptoms, an increase in the prostration, and the onset of 
an active, incoordinated delirium during which the animal la}" on its side and made 
running motions with its legs or, attempting to stand, would stagger about the 
isolation unit. On the 6th day as a rule, the temperature was definitely receding 
in animals that were to recover and from then on recover}" was rapid. 

In both the natural and the experimental disease a mild leucopenia 
was usually observed. A record of a few counts on experimental cases 
is given in Table I. There was no significant difference in the degree 
of leucopenia of the various cellular t}"pes as shown by differential 
counts. 
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Pathology 

Descriptions of the lesions of swine influenza are fragmentary and 
deal entirely with fatal cases of the disease. 

Dreher (5) has reported the main features as congestion of the mucous mem- 
branes of the respiratory tract, a lobular type, of pneumonia, swollen and edema- 
tous bronchial lymph nodes, and congestion of the gastric mucosa. Dimock and 
Healy (3) have described the lungs as congested, edematous, fully distended and 
heavy, and frequently exhibiting bronchopneumonia. Quinn (1) has emphasized 
the occurrence of extensive edema of the lungs and Murray and Bicster (7) found 
edema to be frequent. The latter authors also called attention to the similarity 
existing between the “water logged” lung of the human influenzal pneumonia of 
1918 and that of the pneumonia of swine influenza. 

It has seemed important to study the lesions at various stages of 
the illness. The large majority of the animals sacrificed would have 
progressed to an uneventful recovery. The findings in fatal cases 
will be described separately. 

Gross Pathology,— The sudne were sacrificed on the 1st to the 5th 
day of fever. The large majority were chloroformed while a few were 
stunned by a blow on the head and then bled to death. There were 
no external signs of disease at the time of slaughter save in some of 
the animals which seemed most ill. These sometimes exhibited a 
watery mucous nasal discharge. 

The mucosa of the phar>mx and larjmx was, as a rule, very* mildly h^pcrcmic 
and covered by a white, glass}’, tenacious mucus. On opening the trachea the 
same t}'pe of tenacious mucus was present in from moderate to copious amounts. 
It was sometimes frothy, very’ rarely blood-tinged. There was more exudate 
present in the large bronchi and, in the smaller bronchi and bronchioles, it com- 
pletely filled the lumen. In the bronchioles the exudate was of firmer consistency 
than higher in the respiratory tract. It not infrequently could be removed in 
small, white, scmilransluccnt, sago-like masses. The pleural sacs were free of 
excess fluid or fibrin. The lungs presented very constant and characteristic gross 
changes. 1 he involved lung tissue was a deep purplish red in color, noticeably 
depressed when compared with the uninvoivcd lung tissue, and the line of demarca- 
tion between normal and pathological lung substance was very definite. Palpa- 
tion of the involved lung revealed that it felt “leathery,” did not crepitate, and 
contained no areas of consolidation. Tlic elements of the bronchial tree could be 
palpated and gave the impression of being thickened. On cut section the bron- 
chioles protruded from the surface and the lung substance itself had a purydish 
red, “beefy,” pasty appearance throughout. The gross picture v.as tliat of a 
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marked massive atelectasis, irregular both as to amount and distribution. It was 
usually limited to portions of the cephalic, cardiac, and azygos lobes, and it not 
infrequently involved all five of these lobes. In over half of the cases it was 
bilateral and irregularly sj^mmetrical If, however, it tended to be unilateral, 
the right side was almost always predominantly involved. There were a number 
of cases in which only the right cephalic and the cardiac lobe exhibited massive 
atelectasis. An illustration of a typical case is presented in Figs. 1 and 2. 

The adjoining ngmatelectatic portions of the lungs were emphysematous. The 
surfaces of these portions of the lung were elevated and extremely pale. A feature 
occasionally observed was a moderate to extreme petechiation of the pleurae 
overling the areas of compensatory emphysema. In some cases a moderate 
interlobular edema of the non-ateleclatic areas of lung was encountered. 

The cervical, mediastinal, and mesenteric lymph nodes were extremely enlarged 
and very edematous. They were only rarely congested. Those at the hilum of 
the lung were sometimes so large as to resemble grapes. On section they were 
found to be soft and to ooze fluid in relatively large amount. 

A small excess of fluid was not infrequent^ encountered in the peritoneum. 
This was as a rule clear and straw-colored but sometimes slightly cloudy and con- 
tained flecks and strands of fibrin. There was usually, but not invariably, a 
moderate acute splenic tumor. The kidneys and liver were negative in the gross. 
The stomach was sometimes found to contain a bile-tinged watery mucus and the 
gastric mucosa was almost invariably extreme^ hyperemic especially along the 
greater curvature and at the cardiac end. The small intestine was negative. 

The mucosa of the colon frequent!}^ exhibited hyperemic patches of various 
sizes. These areas were mildly edematous and overlaid by a scant catarrhal exu- 
date. They ne\Tr showed a tnie fibrinous membrane nor were the}'' eroded. The 
mucosa was elevated over localized areas of submucous lymphoid hyperplasia. 

EistopathoJogy. — 

Films of bronchial exudate stained for 24 hours in methylene blue revealed a 
rather constant and characteristic picture. The predominant cell in the exudate 
was the polymorphonuclear leucocyte and of these there were many. Tliey were 
as a rule well presented and not infrequentl}'' contained engulfed organisms, usu- 
ally small thin bacilli but occasionally larger bacillary forms or cocci. There were 
moderate numbers of lymphocytes in the exudate and smaller numbers of des- 
quamated epithelial cells. Lying between the cells of the exudate were large 
numbers of e.xtremcly thin, very faintly staining, hair-like structures, evidently 
broken off cilia. In some preparations these were extremely numerous. Organ- 
isms of the 1)7)0 seen in the leucocytes were sometimes ver}^ numerous between 
the cells of tfic exudate but as a rule they were scarce. 

Tracheal sections showed little that appeared abnormal. 

Lung sections cut in such a way as to include small bronchi and terminal bron- 
chioles, and including uninvoivcd and t>7)ical!y diseased lung exhibited the fol- 
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Outside the respirator}^ tract the histopatholog}’^ was in accordance with the 
gross pathological picture. The cervical, mediastinal, and mesenteric l}anph 
nodes were as a rule packed with lymphocytes, the germinal follicles appeared 
active, and there was much intercellular edema. The histological picture pre- 
sented by the spleen was that of a slight to moderate, acute splenic tumor charac- 
terized by a moderate increase in the mononuclear cells in the pulp and very little, if 
any, alteration in the Malpighian bodies. The liver was sometimes passively 
congested but otherwise negative. The kidneys were negative. The mucosa and 
submucosa of both the stomach and colon showed an increase in mononuclear 
round cells which was sometimes quite extreme. The blood vessels in these 
regions were usually dilated and packed with red cells. The goblet cells in the 
mucosa of the colon were prominent and distended. 

As this description shows, the pulmonary pathology differs markedly 
from that encountered at autopsy in animals succumbing to either the 
experimental or spontaneous disease. 

The Pathology of Fatal Cases . — Death in fatal cases was not neces- 
sarily due to pathological changes induced by secondary bacterial 
invaders, for swine influenza of itself can kill. 

The postmortem picture presented by swine dead of the experimentally induced 
disease was the same as in fatal spontaneous cases. The cervical lymph nodes 
were much enlarged, edematous, and frequently congested. The mucosa of the 
trachea and larger bronchi was moderatel}'^ congested and covered with a thick, 
tenacious, and sometimes frothy mucous exudate. The smaller bronchi contained 
a more fluid, blood-tinged exudate and this sometimes in copious amounts. A sero- 
sanguineous pleural exudate was frequently encountered. This exudate sometimes 
contained considerable fibrin and in these cases the anterior lobes of the lung were 
covered with closely adherent fibrin. Both pleurae were usually involved, al- 
though sometimes the process was unilateral. The lungs themselves were volumi- 
nous, hea\y, and mottled purplish red in color. Palpation revealed that only the 
apical, azygos, or cardiac lobes were consolidated. That is, the true pneumonia 
was limited entirely to the portions of lung which in uncomplicated swine influenza 
\vould have been atelectatic. The diaphragmatic lobes, which in swine comprise 
well over half the actual lung substance, exhibited a hemorrhagic t}T3e of pulmon- 
ary edema which was in most instances extreme. The markings of the interlobu- 
lar septa were widened by fluid and the lobes as a whole had a glistening swollen 
appearance. When they were cut across there was an outpouring of a frothy, 
bloody fluid. There was, as a rule, no fibrin adherent to the diaphragmatic lobes. 

Histological examination of sections of the pneumonic areas revealed the pleurae 
to be usually overlaid with a rich network of fibrin in the meshes of which were 
myriads of leucocytes. The bronchioles were completely filled with leucocytes, 
the lining epithelium was badly fragmented and partially desquamated, and the 
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bronchial walls were densely infiltrated with round cells. The alveoli throughout 
the section were filled with leucocytes, red blood cells, and coagulated plasma. 
There was usually no fibrin in the alveolar exudate. The alveolar walls were 
mildly folded, thickened, and infiltrated, largely with round cells. The l>Tnph 
sinuses in the interlobular septa w^ere dilated and contained leucocytes, some 
l3unphocytes, and much lymph. 

Histological examination of sections of the edematous portions revealed plasma 
filling the alveoli which also contained small numbers of desquamated epithelial 
and red cells. There was no fibrin. The cellular exudate in the bronchi was 
scant but there was much plasma. The bronchial walls were thickened owing to 
intercellular edema and some round cell infiltration. The pulmonary’’ capillaries 
were usually dilated and packed with red cells. The l3miph sinuses in the inter- 
lobular septa and beneath the pleura were widely dilated and contained, in addi- 
tion to plasma, small accumulations of Ieucoc3’'tes and Ijunphocytes. The lymph 
nodes at the hilum of the lung were alwa3^s enlarged and edematous and usually 
moderately congested. In some cases, especially those in 'which a fibrinous pleu- 
ritis had been encountered, a serofibrinous pericarditis was also to be observed. 
The livers of fatal cases of swine influenza were usually engorged and the spleens 
large, swollen, dark, and friable. An acute diffuse nephritis was occasionally en- 
countered. The stomachs were usually empty except for the presence of moderate 
to copious amounts of a thin bile-tinged mucus. The small intestines also usually 
contained considerable bile-tinged mucus. The mucosa of the cecum and the 
first two-thirds of the colon was intensely hypercmic. 

Animals slaughtered during convalescence have much interest from 
a pathological standpoint. Pulmonary evidence of the disease per- 
sisted for 3 or 4 weeks or longer following clinical recover 3 % Areas 
of lung were found that were slightly depressed as compared wdth the 
adjoining normal tissue. They were grayish pink, on palpation felt 
firmer than normal, and cut as though fibrous. The bronchi in some 
instances were dilated and contained a mucopurulent material. Sec- 
tions revealed much fibrous tissue and great thickening of the alveolar 
walls. 

In animals convalescent from a swine influenzal pneumonia, lung 
abscess, bronchiectasis, or an obliterative plcuritis were not infre- 
quently encountered at autopsy. 

SVmiA'RY 

Swine influenza has been induced in pigs by the intranasal instilla- 
tion of material from spontaneous cases of the disease as occurring 
cpizoolicaHy in eastern Iowa, llic c.xperimental disease has the same 
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features as the epizootic. It has been maintained for study by serial 
passages accomplished either by intranasal instillation or by pen con- 
tact. Eight strains of the virus have been established experimentally 
during three epizootic periods. The clinical disease induced by these 
eight strains has been in general the same although its severity and 
mortality have varied. 

The principal features of the pathology of swine influenza are an 
exudative bronchitis accompanied by marked damage of the bronchial 
epithelium and its cilia, a peribronchial round cell infiltration, and 
massive pulmonary atelectasis. The latter is modified somewhat by 
a round cell infiltration of the alveolar walls. The l5miph nodes, 
especially the cervical and mediastinal ones, are hyperplastic and 
edematous. There is usually a mild to moderate, acute splenic tumor. 
The mucosa of the stomach and colon is congested. 

The pneumonia following swine influenza is, characteristically, 
lobular in type and of the same general distribution as the atelectasis. 
The non-pneumonic areas of lung are extremely edematous and con- 
gested. 
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EXPLANATION OF PLATES 
Pl-vte 32 

Fig. 1. Dorsal aspect of lung in c.xperimental swine influenza (Swine 895) to 
show the typical appearance and distribution of the massive pulmonary atelecta- 
sis. The h-mph nodes at the hilum are swollen and edematous. The sharp de- 
marcation between atelectatic and non-atelectatic lung is noteworthy. Animal 
chloroformed on the 4th day of illness. 

Fig. 2. \'entral aspect of same lung. 
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Plate 33 

Fig. 3. Section of a small bronchus from a normal hog (Swine 5S8) showing in- 
tact ciliated epithelium overlying a normal submucosa. Animal killed by stun- 
ning and bleeding. Eosin-methylene blue. X 305. 

Fig. 4r. Section of a small bronchus from a spontaneous field case of swine in- 
fluenza (Swine 13) showing fragmented epithelium and extreme round cell infil- 
tration of the submucosa. Animal stunned and bled. Eosin-methylene blue. 
X 305. 

Fig. 5. Section of a small bronchus in experimental swine influenza (Swine 
564) showing leucocytic bronchial exudate, fragmented and vacuolated epithe- 
lium denuded of cilia, and round cell infiltration of the submucosa. Leucoc^’tes 
have invaded the mucosa. Animal chloroformed on 5th day following inocula- 
tion. Eosin-methylene blue. X 305. 

Fig. 6. Section of lung in experimental swine influenza (Swme 473) showing 
thickening of the alveolar walls in an area of atelectasis. The cells infiltrating the 
alveolar walls are largely round cells. Animal chloroformed on 3rd day following 
inoculation. Eosin-methylene blue. X 295. 

Plate 34 

Fig. 7. Section of lung from a spontaneous field case of swine influenza (Swine 
13) showing a bronchus in an area of compensator^’’ emphysema to illustrate 
better the dense peribronchial round cell infiltration. The lumen of the bron- 
chus contains a dense leucocytic exudate. Animal stunned and bled. Eosin- 
methylene blue. X 51. 

Fig. 8. Section from the lung in experimental swine influenza (Swine 593) 
showing dense leucocytic exudate in small bronchus and peribronchial infiltration 
largely with round cells. Animal chloroformed on 6th day following inoculation. 
Eosin-methylene blue. X 51. 

Fig. 9. Section of lung from a spontaneous field case of swine influenza (Swine 
97) showing atelectasis witli infiltration of the alveolar ^Yalls, slight leucocytic exu- 
date in some of the collapsed alveoli, and compensaton' emphysema. Animal 
stunned and bled. Eosin-methylene blue. X 51. 

Fig. 10. Section of lung in experimental swine influenza (Swine 454) showing 
folding of pleura over an area of atelectasis. Animal chloroformed on ord day 
following inoculation. Eosin-methylene blue. X 51. 
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thirty-five swine not suffering from influenza have served as a control 
group. These animals were either normal, or infected with hog cholera 
or spontaneous pneumonia. They were from local sources similar to 
those of the animals used in the study of experimental swine influenza. 

In suspected cases of influenza, primary cultures \s^ere made from atelectatic or 
pneumonic lung, bronchial exudate, spleen, and, in certain cases where indicated, 
from other organs, on plain agar slants (pH 7.3 to 7.6), to the condensation fluid 
of which 0.5 to 1 cc. of sterile defibrinated horse or swine blood had been added. 
Cultures of heart blood were made on plain agar slants inoculated hy pipette with 
approximate^^ 1 cc. of blood. In some cases primary’' cultures were also made on 
blood and chocolate agar plates. Similar cultures were made from the control 
animals on the same kinds of media. 

The suspected organism was very similar to, if not identical with, H, injluctizac. 
The first culture was obtained from the heart blood of our first experimental case 
of tlie disease. This blood was apparent^ sterile when streaked on plain and 
blood agar plates. In approximate!}’- 1 cc. amounts it was added to the condensa- 
tion fluid of about twenty plain agar slants which were incubated for 2 days. At 
this time the slants appeared sterile. The blood was not hemolyzed and there 
was no evidence of growth. However, films prepared from the bloody condensa- 
tion fluid of these slants, when stained with methylene blue and examined micro- 
scopically, revealed the presence of organisms in moderate numbers. These were 
predominantly thin, curved bacilli which varied, considerably in length. Some 
were less than l/i long while other apparently single individuals sometimes ap- 
proached 4)11 in length. Some threads of continuous protoplasm extended com- 
pletely across the field. Other shorter threads appeared as tangled masses en- 
meshing small cur\^ed bacillary forms and botli large and small coccoidal forms. 
Attempts to obtain subcultures on plain agar, infused blood agar, inspissated 
serum, or in bouillon or Smith-Noguchi medium were unsuccessful. Growth could 
be continued, however, in sterile defibrinated swine or horse blood at the bases of 
plain agar slants and fair growth reaching a maximum in 48 hours occurred on 
chocolate agar. 

This organism has been found in the respiratory tracts of all swine 
experimentally infected with influenza that have come to autopsy 
within 7 days of the onset of fever; it has been recovered from the 
respiratory tracts of six spontaneous cases of the disease from five 
different herds (all of the spontaneous cases which were examined); 
and it has been found in the original material used in establishing the 
eight strains of the disease which have been studied experimentally 
(vS). In the case of all eight strains the organism has been recovered 
from the respirator}- tract of the first experimentally infected animal 



TABLE I 

The Incidence of H. influenzae {Variety stiis) in Experimental and Spontaneous 

Swine Influenza 


E. injltunzae suis 


Strala 

No. of 
swine 
cultured 

Material cultured 

Present 

Absent 

Per cent 
positive 

Present 
in pure 
culture 

Per cent 
: present 
in pure 

1 culture 

1 (1928) 

33 

Lung 

28 

4 

87 

1 

34 



Bronchial exudate 

17 

6 

74 

! 8 

35 



Heart blood 

6 

\ 20 

23 

5 

19 

2 (1928) 

9 

Lung 

7 

1 2 

78 

4 

44 



Bronchial exudate 

! 8 

1 

89 

3 

33 



Heart blood 

0 

9 

0 

0 

0 

5, 6, 7, and 10 1 

7 

Lung 

7 

0 

100 

5 

71 

(1929) com- 


Bronchial exudate 

6 

0 

100 

2 

33 

bined 


Heart blood 

0 

7 

0 

0 

0 

Field cases 

6 

Lung 

5 

1 j 

83 

1 

17 

(1929) 


Bronchial exudate 

6 

0 

100 

2 

33 



Heart blood 

2 

4 

33 1 

" i 

0 

14 (1930) 

8 

Lung 

6 

2 

75 

5 i 

63 



Bronchial exudate 

8 

0 

100 

2 1 

25 



Heart blood 

2 

5 

29 

2 

29 

15 (1930) 

25 

Lung 

23 

2 

92 

15 

60 



Bronchial exudate 

24 

0 

100 

9 

38 



Heart blood 

8 

17 

32 

8 

32 


TABLE n 

The Incidence of EemophUus influenzae {Variety suis) in a Control Group of Animals 




n. 

ineuentat zuit 

Group 

I Material cultured 



MB— 1 



present 



Swine experimentally infected t^ith 

Lung 

0 


0 

hog cholera — 16 

Bronchial mucus 

0 


0 

Normal swine — 8 

Lung 

0 


0 


Bronchial mucus 

0 


0 

Stvanc dying of or showing pneumonia 

Lung 

0 

1 

1 

11 i 

0 

at autopsy — 1 1 

Bronchial mucus 

0 


0 

1 

Iowa swine sufTering from a non-intlu- 1 

Lung 

0 

B 

0 

cnral respiratory* disease — 4 

Bronchial mucus 

0 

Hi 

0 
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in each series. In these groups oi cases it has frequently been present 
in pure culture. Because of its growth requirements, porcine origin, 
and morphological and cultural characteristics, to be discussed later, 
tlie name Eemophihis influenzae (variety sids) is suggested for this 
organism. It will be referred to hereafter as H. influenzae suis. The 
incidence of H. influenzae suis in influenza-sick swine killed within 
7 days after inoculation is recorded in Table 1. In addition to tlie 
cultures recorded in Table I, it has been recovered from the pleura or 
pericardium whenever these have contained exudate, and from tlie 
spleens of most fatal cases. In two cases which developed otitis 
media during the course of their experimental disease it was tlie pre- 
dominant organism in the middle ear exudate. It has not been en- 
countered in the swine serving as bacteriological controls, as indicated 
in Table II. 

Cultural and Morphological Characters of H. influenzae suis 

Morphologically and in the character of its growth on media H. 
influenzae suis resembles H. influenzae very closely. 

Media to sustain growth must contain both factors V and X (6). Hematin pre- 
pared b}" the method of Anson and Mirsk}’’ (7) and supplied by them was used as 
the source of factor X, while factor V was furnished either b}’’ an actively growing 
culture of a non-hcmolytic streptococcus (spotted on the hematin-containing plate) 
or by a sterile Berkefeld filtrate of an old bouillon culture of this streptococcus 
added to hematin-containing agar. 

Chocolate agar is the best solid medium and heated blood bouillon the most 
satisfactor}^ fluid medium for the growth of H. injlucnzac suis. Cultures of the 
organism that have been well established grow feebly and as veiv^ minute colonies 
on blood agar. In mixed culture on blood agar luxuriant growth of H. injlucnzac 
suis colonies occurs about the colonies of the contaminating organism. On choco- 
late agar well established cultures reach a maximum in between 24 and 4S hours 
at 37®C. The colonies on this medium vary from less than 1 mm. to more than 2 
niin. in diameter, are circular, grayish, scmitransluccnt, flattened, and have a 
sharply contoured edge. Films prepared from chocolate agar cultures contain 
three distinct forms. Examined after 24 hours’ growth the predominant form is a 
small thin bacillus var}’ing from less than 0.5;i to 2p- in length and approximately 
0.2^ in thickness (Fig. 1). A few longer, cuived, thread-like forms appear also. 
48 hour cultures contain more of the long thread-like t\'pcs and in some cultures 
these form clumps of tangled masses of organisms (Fig. 2), Small coccoidal organ- 
isms are found at 48 hours. Cultures examined at 3 days and thereafter rcv’cal 
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increasing numbers of the coccoidal forms. In blood bouillon or heated blood 
bouillon 24 hour cultures are found to be composed largely of small, thin, straight 
or slightly curved rods. A few coccoidal forms are present and these usually in 
clumps of from six to thirty or more organisms, seldom singly. At 48 hours almost 
the entire culture is composed of clumps of small cocci (Fig. 3). In fluid media the 
long thread-like forms are not regularly encountered. “Giant” coccoidal and large 
club and comma shaped forms are numerous in some cultures (Fig. 4). 

The capacity of films of cultures from either solid or fluid media to absorb the 
usual dyes decreases rapidly with the age of the culture. Loeffler’s alkaline methyl- 
ene blue, which is the most satisfactory, imparts no more than a faint bluish 
gray color to organisms from cultures 3 or more days old. By phenolizing the 
methylene blue and steaming it on the film a slightly more intense color is obtained. 

The organism is relatively inert as to growth and fails to act on various sub- 
stances used for differentiating bacteria. In blood bouillon, with brom-cresol 
purple as indicator, definite growth occurs. There is, however, no demonstrable 
action on dextrose, lactose, saccharose, dulcitol, mannitol, glycerol, inulin, or 
arabinose. Some fading of the indicator occurred in all tubes. All cultures were 
observed for 7 days. None of the cultures examined produced indol or hydrogen 
sulfid. Litmus milk containing blood fostered but slight growth and was un- 
changed. Nitrates were reduced to nitrites by all cultures examined. No growth 
could be obtained with well established cultures on plain or glycerin agar, Dorset’s 
egg medium, potato, coagulated blood serum, or in gelatin. The organism is non- 
hemolytic, non-motilc, and Gram-negative. 

As may be evident from the preceding description, there is no real 
basis for differentiation between H. injlucnzae siiis and non-indol- 
producing strains of H. influenzae. If a culture of E. influenzae suis 
were isolated from a human throat, no doubt would be raised as to its 
identity with //. influenzae. Since primary cultures of E, influenzae 
suis grow somewhat more feebly on heated blood agar than do primary 
cultures of E, influenzae, such a hypothetical culture would perhaps 
be considered more difficult to establish than the typical Pfeiffer 
bacillus. 

For the primary^^ isolation of //. influenzae suis, the plain agar slant 
containing from 0,5 to 1 cc. of sterile dcfibrinatcd horse blood at the 
base is the medium of choice. In this medium the organism grows 
in the blood at the base of the slant and the pure culture on inspection 
appears sterile. Examination of stained films of the bloody* condensa- 
tion fluid, however, readily* reveals the organism in characteristic form. 
It is felt that for the isolation of //. influenzae suis this medium is 
superior to heated blood agar. It has been the practice not to c.xaminc 
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sion of growth from chocolate agar without inducing any observable 
evidence of illness. However, such injections occasionally prove fatal 
in from 3 to 6 hours after injection. 

One culture, when injected intraperitoneally, has been found to kill 


TABLE IV 

The Effect of Inoculating Swine with Pure Cultures of H. hifluenzac suis 


o 

Route 
of inocu- 
lation 


Culture used 


Clinical evidence 

Autopsy findings 

u 

a 

w 

No. 

1 Time since 
isolation 

No. of transfers 
on media 

of illness 

507 

i.n.* 

451 

18 days 

4 

Suggestive of 
influenza 

Suggestive of 
influenza 

515 

i.v.** 

451 

1 

IS 

1 

1 

4 

Moribund in 3 
days 

No respiratory 
pathology 

739 

1 

1 

451 

17 mos. 1 

86 

Negative aside 
from trans- I 
ient temper- 
ture eleva- 
tion 

Not autopsied 

591 

i.n. 1 

1 

^lixture 
of 1928 
cultures 

All over 3 

mos. 

All 15 or 

more 

Negative 

Negative 

590 

ti 

tt ' 

All over 2 

mos. 

All 10 or 

more 

it 

1 tt 

1 

1 

58S 

u 

11-T 

12 days 

6 

tt 

1 

648 

a 

15 

16 ‘‘ 

5 

1 << 

tt 

651 

ti 

660 

17 “ 

i 5 

tt 

tt 

826 

it 

791 + 794 

1 

1 

14 and 17 
days 

7 and S 

1 

Death in 2 days 

Pneumonia 

873 

it 

451 + 459 

Over 2 yrs. 

125 and 113 

Negative 

Negative 

893 

it 

451 + 459 ' 

(( 9 tt 

126 and 114 

tt 

it 

904 

ti 

S96 

9 days 

7 

tt 

tt 

912 

tt 

451 

Over 2 yrs. 

131 

tt 

tt 

917 

tt 

905 

16 days 

7 

tt 

it 

922 

tt 

451 

Over 2 yrs. 

132 

tt 

tt 


* i.n. = intranasally. 

* i.v. = intravenously. 


guinea pigs in from IS to 24 hours. Two other cultures are completely 
non-pathogenic for guinea pigs. 

About 50 per cent of the white mice injected intraperitoneally with 
various strains of II. influenzae suis hav'e died. The organism is non- 
jiathogenic when injected intraperitoneally into white rats. 
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hog placed in the same unit soon after Swine 826 had been inoculated developed 
no disease. This is markedl}' inconsistent with the highi}'' contagious nature of 
swine influenza. A possible explanation of the fatal pneumonia in Swine 826 is 
that this animal had been taken from its mother at birth, deprived of colostrum, 
and fed an artiflcial diet. The influence of such treatment on the course of an 
influenzal infection will be discussed more fully later. 

The experiments recorded in Table IV seem sufficient to demonstrate 
that n. influenzae suis alone is not capable of inducing swine influenza 
even though it may under certain conditions be pathogenic for swine. 

SUMMARY 

1. A hemophilic bacillus has been regularly obtained in culture 
from the respiratory tract of a series of swine experimentally infected 
with swine influenza and from a small number of spontaneous field 
cases of the disease. It has not been observed in respiratory tract 
cultures from a group of swine free from influenza. 

2. The cultural and morphological characters of the organism have 
been described and the name Hemophilus influenzae (variety suis) sug- 
gested. The organism exhibits marked serological diversity, since 
only two out of eight strains studied were serologically identical. It 
is usually non-pathogenic for rabbits and white rats, and irregularly 
pathogenic for white mice. One strain of the organism was pathogenic 
for guinea pigs while two others were not. 

3. Eleven out of thirteen attempts to induce symptoms of disease in 
swine by intranasal inoculation with pure cultures of H. influenzae suis 
were entirely negative. The remaining two attempts which sug- 
gested a positive result have been discussed. 

4. Attention has been called to the marked similarity which e.xists 
between non-indol-p reducing strains of H. influenzae and H. influ- 
enzae suis. 
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of B. prodigiosus ^Yere used to test the efficiency of all filters, and filtrates cultured 
in 1 cc. amounts on plain agar slants containing defibrinated blood were incubated 
at 37°C. for 48 to 72 hours before examination for growth. 

Swine receiving filtered material were placed in carefully sterilized isolation 
units where isolation precautions were taken. In certain experiments the control 
animal receiving unfiltered material and those receiving sterile filtrates were from 
the same source or even from the same litter. 

Of the ten preliminary filtration experiments, three were at the time 
interpreted as negative, while in the remaining seven some evidence 
was obtained that the injected filtrate had contained an infectious 
agent. The disease induced by this filtrable infectious agent, however, 
was definitely not typical swine influenza and will be referred to 
hereafter as ^^filtrate disease.’^ 

Clinically the filtrate disease was much milder than swine influenza. In most 
cases there was no elevation in temperature, while in a few a fever temperature 
for 1 day was observed. This was at marked variance with the 4 to 6 day fevers 
seen in t^^Dical swine influenza. The usual S 3 TOptoms showm b}’’ filtrate-inoculated 
sw^ine were a moderate and transient apath}’’, some diminution in appetite for a 
period not exceeding 3 dsiysy occasionally a slight cough, and, as in t 3 pical swine 
influenza (2), a moderate or quite marked leucopenia. The extreme prostration 
so common in swine influenzal infections W'as not seen. In some instances the 
disease w^as so mild that it almost escaped recognition altogether. On this account 
and in the light of experiments to be outlined later in this paper, it seems possible 
that in the three prelimmar 3 ’' experiments considered as negative, infections were 
actualh’' produced but so mild in character that they escaped recognition. 

The lesions exhibited at autops 3 ^ were similar in kind but different in extent, as 
a rule, from those encountered in t 3 pical uncomplicated swine influenza (2). The 
cervical and bronchial b^mph nodes w^ere moderateb’* enlarged and edematous 
and there w^as usualb^ a scant to moderate amount of thick, tenacious mucous 
exudate in some of the smaller bronchi. The amount of pulmonar 3 '’ atelectasis 
exhibited b 3 ’’ filtrate-infected swine varied from a scant amount in one or two of 
the upper lobes of the lung to an amount as extensive as that showm b 3 ’’ mild cases 
of swine influenza. In all cases, however, the clinical picture w’as that of the 
filtrate disease. 

It is significant that the filtrate disease w^as highly contagious and 
that the incubation period, like that of swine influenza, w^as about 4 
days. In animals infected by contact with filtrate-infected swine the 
disease was clinicalh" and pathologicall}^ identical to that induced by 
direct inoculation with the filtrate. In experiments to test the con- 
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TAl 

Effect of Inociilaiing SwUic with Mixlumy 


Experi- 
ment No. 

Infectous material 
from swine No. 

Swine in- 
oculated 
No. 

Inoculated intranasally with 

Clinical picture 

1 

860 

859 

10 cc. Berkefeld N filtrate 

Mild filtrate disease 


Strain 14 

861 

8 “ “ “ “ +2 cc. culture 

Tj'pical and severe influ* 


(1930) 


HIS* 

enza 


In infusion 

871 

10 cc. unfiltered suspension 

Typical influenza 


broth. 




2 

872 

875 

4 “ Berkefeld N filtrate 

Mild filtrate disease 


Strain 15 

874 

4 “ “ “ “ + 2.5 cc, culture 

T 3 T)ical influenza 


(1930) 


HIS 



In infusion 

873 

2.5 cc. culture HIS in 4 cc. infusion brotli 

No illness 


broth 

876 

4 “ unfiltered suspension 

Typical influenza 

3 

878 

894 

7 “ Berkefeld N filtrate + 2 cc. sterile 

Mild filtrate disease 


Strain 15 


horse blood 



(1930) 

897 

Infected by contact with Swine 894 

(I <t a 


In distilled 

892 

7 cc. Berkefeld N filtrate + 2 cc. culture 

Typical influenza 


water | 


HIS 




896 

Infected by contact with Swine 892 

Very severe influenza 



893 

2 cc. culture HIS in 7 cc. distilled w^ater 

No illness 



895 

5 “ unfiltered suspension mixed with 10 cc. 

Topical influenza 




normal swine serum 


4 

907 

911 

4 cc. Berkefeld N filtrate 

Mild filtrate disease 


Strain 15 

910 

4 “ “ It ^2 cc. culture 

influenza 


(1930) 


HIS 



In infusion 

915 

Infected by contact with Swine 910 

« It 


broth 

912 

2 cc. culture HIS in 4 cc. infusion broth 

No illness 



913 

4 “ unfiltercd suspension 

^lild influenza 

5 

918 

919 

8 Berkefeld N filtrate** 

filtrate disease 


Strain 15 

920 

^ It It (( <1 

If It “ 


(1930) 

921 

^ It 11 (t <1 

II II 

» flit 


In infusion 

923 

8 “ “ It ^2 cc. culture 
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of 10 daj'S was injected intranasally with 10 cc. of Strain 15 material. After a 
slightly prolonged latent period the animal developed typical swine influenza with 
a temperature reaching 41 .5°C. At autops)'^ the disease was tj^jical and extensive. 

In this instance, then, serum of a hog that had undergone a typical 
swine influenza and that was demonstrably immune to reinfection by 
contact neutralized swine influenza material. No demonstrable 
immunity developed in the animal receiving the neutral mixture. 

Storage of Infections Material 

Experiments to test the keeping qualities of the agents of swine 
influenza have been complicated by differences in the period of survival 
of the two components. Pieces of atelectatic lung and broncliial 
lymph nodes from one experimentally infected swine were stored for 
15 to 33 days and from another swine for 15 and 41 days in 50 per cent 
glycerol before testing them for infectivity. They have been found 
capable of inducing only the mild filtrate disease typical in its course 
and at autopsy. With one exception H. infinenr,ae snis has not been 
demonstrable in cultures from the respiratory tract of swine infected 
with this material. With infectious material frozen and dried by 
Swift’s method (5) the disease induced by stored material was some- 
what different. IMaterial that had been stored for 34 days proved, 
capable of inducing only the filtrate type of disease when inoculated 
into two susceptible swine and H. infl^tcuzae suis was not found in the 
respirator}’^ tracts of these two animals at autopsy. How^ever, another 
tube of this same material tested after 54 da)'^s’ storage proved capable 
of inducing typical and rather severe swine influenza in wdiich at 
autopsy n. influenzae suis was found in both the bronclual exudate 
and the atelectatic lung. It appears that the swine influenza virus is 
capable of storage in a dried state or in glycerol for at least 54 or 41 
days, respectively, but that the bacterial component of the mixture 
is less resistant to such storage. The irregularity in the results ob- 
tained with dried infectious material may have been due to faulty 
freezing or drying of the particular tubes of dried material tested after 
34 daj's’ storage, for it is difficult to understand why H. influenzae suis 
should not survive freezing and drx'ing. If it were desirable to pre- 
serx'e both factors the vims could be maintained in a dried state or in 
glycerol, while the organism could be kept under cultivation on arti- 
ficial media and the two mixed before inoculation. 
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The first possibility is that the pathological activities of the virus 
are such as to create a portal of entry for H. injlneniae suis and to 
furnish a favorable medium in which it can multiply. Under such 
an assumption the virus serves merely as an entering wedge for the 
organism and the latter determines the clinical picture and pathology. 
There can be little doubt from the data presented in this and the 
preceding paper (3) that, in the presence of the swine influenza virus, 
H. influenzae suis possesses invasive powers which it completely lacks 
when administered alone. 

The second possibility is that the virus is the important component 
in contributing to the pathology and perhaps also to the symptoms 
characterizing the clinical picture, and that H. influenzae suis increases 
to a marked degree the pathogenic properties of the virus and hence 
the severity of the resulting disease. In this respect, the influence of 
H. influenzae suis on the pathogenic properties of the swine influenza 
virus suggests the effect of certain tissue extracts on various viruses 
pointed out first by Duran-Reynals (6) and later amplified by Hoff- 
man (7). 

Whatever the relation of the virus and the organism in respect to 
the disease, the data presented indicate that they act together. 

The hypothesis is not new that a disease may be induced by a bac- 
terium and an invisible agent, not readily demonstrable alone. It 
applies most directly to diseases in which the suspected bacterial 
agent, while readily and uniformly isolated from cases of the disease, 
either is completely incapable of reproducing the infection or very 
rapidly loses its ability to do so under conditions of artificial cultiva- 
tion. It is possible that such organisms do not become non-pathogenic 
because of rapid loss of virulence but because of the absence of an 
invisible inciting agent. The proven association of organisms in swine 
influenza furnishes a tangible and e.xperimentally reproducible justifi- 
cation of this hypothesis. 

A question which naturally arises is whether any organism other 
than H. influenzae suis can induce swine influenza in conjunction with 
the virus. In twenty-one infections of swine with virus alone none 
of the organisms comprising the normal bacterial flora of the respira- 
tory* tract have been capable of producing swine influenza. Also, the 
constant presence of U. influenzae suis in experimental infections 
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induced by eight strains of swine influenza collected during three 
separate epizootics would seem sufficient to indicate that, if it is not 
the only organism capable of completing the etiological complex, it is 
at least the predominating one for the region from which our original 
material has been obtained. 

It has been of interest to find in several of the fatal influenzal pneu- 
monias that no organism other than H. influenzae suis could be culti- 
vated from the pneumonic lungs, heart blood, or pleural and peri- 
cardial exudates. It is believed that in these cases, probably because 
of factors in the host itself, H. influenzae stns alone, or in conjunction 
with the virus, was endowed with invasive and pathogenic characters 
which in ordinary non-fatal influenzal infections it did not possess. 

Since swine are subject to another filtrable virus disease, hog cholera, 
it has been essential to ascertain that the causative agent of swine 
influenza is not the hog cholera virus in a disguised or uncommon form. 
Our evidence indicating that the swine influenza virus is distinct from 
that of hog cholera may be summarized briefly as follows. Immuniza- 
tion against hog cholera affords no protection against swine influenza, 
while conversely animals recovered from swine influenza are still 
susceptible to hog cholera. The administration of hog cholera virus 
by way of the respiratory tract results in tj^Dical hog cholera with no 
tendency to produce pulmonar}'^ lesions suggestive of swine influenza. 
Convalescent swine influenza serum capable of completel}’* neutralizing 
swine influenza virus docs not neutralize hog cholera virus. 

The clinical picture of swine influenza, characterized by fever, 
anorexia, extreme prostration, leucopenia, and evidence of respiratorj' 
involvement and of muscular tenderness, is strikingly suggestive of 
human epidemic influenza. The onset is sudden, the course short, 
and convalescence usually uneventful. Death, when it occurs, is the 
result of an edematous type of pneumonia. The pathology' of non- 
fatal swine influenza, characterized as it is by an exudative bronchitis 
and extensive pulmonaiy' atelectasis, cannot be compared with the 
findings in non-fatal liuman influenzal infections because of our lack 
of knowledge of the latter. Probably the most significant similarity 
concerns the predominant bacterium encountered in the two condi- 
tions; // , influenzae suis is indistinguishable moqfliologically and cul- 
turally from //. injlucnzac, I'he frequency with which 11. vfluenzzc 
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has been encountered in careful bacteriological studies of human influ- 
enza parallels the frequency of occurrence of H. inflmnzae suis in 
swine influenza, and, as in the case of the latter organism, has suggested 
an etiological significance. Without drawing analogy too far, the 
irregularity in the outcome of the filtration experiments reported, 
especially by French and English investigators, in attempting to deter- 
mine whether a filtrable virus causes human influenza, is very similar 
to the experience of the writer in the early filtration experiments with 
swine influenza. The preliminary obstacles encountered in studying 
the nature of the etiological factors in swine influenza have had much 
in common with those met by investigators of human influenza. A 
careful investigation would seem warranted of the possibility that 
PfeiflFer’s bacillus and a filtrable agent act in concert to cause influ- 
enza in man, 

SUMMARY AND CONCLUSIONS 

1. It has been possible to demonstrate, in Berkefeld filtrates of 
infectious material from experimental cases of swine influenza, a virus 
which when administered intranasally to susceptible swine induced a 
mild, usually afebrile illness of short duration. The changes in the 
respiratory tract resembled those in swine influenza but were usually 
much less extensive. When the filtrable virus was mixed with pure 
cultures of H. influenzae suis and administered to swine a disease iden- 
tical clinically and pathologically with swine influenza was induced. 
The data presented indicate that the filtrable virus of swine influenza 
and H. influenzae suis act in concert to produce swine influenza and 
that neither alone is capable of inducing the disease. 

2. One attack of swine influenza usually renders an animal immune 
to reinfection. Blood serum from an animal made immune in this 
way neutralizes infectious material from swine influenza in vitro, as 
shown by the failure of the mixture to produce disease in a suscepti- 
ble animal. 

3. The virus can be stored in a dried state or in glycerol for several 
weeks at least. In one instance dried material apparently retained 
both the virus and H. influenzae suis in viable form for a period of 
54 days. 

4. Fatal cases of experimental swine influenza have been observed 
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The action of the different tuberculins was determined bj’’ adding \^r 3 ung dilu- 
tions of each tuberculin to sterile cover-slips on which minute bits of tissue pre- 
viousl}'- washed in several changes of Locke solution had been placed. A drop of 
plasma and a drop of diluted embrj^onic extract were added, nuxed with a glass rod 
and the cover-slip then inverted over the well of a hollow ground glass slide. The 
edges of the cover-slips were sealed with paraffin and the cultures were incubated at 
37°C. As a control explants of the tissues were prepared without tuberculin. 

Effect of Old Tiiherculin on Guinea Pig Tissues 

Explants of bone marrow of either tuberculous or non-tuberculous 
guinea pigs to which no tuberculin has been added, when examined 
after 3 to 4 hours’ incubation show numerous migrating cells. After 
18 to 24 hours’ incubation the growth of cells has proceeded for some 
distance beyond the explant. These cells are large, irregular and 
actively motile, with fine hair-like or lobose pseudopodia. The proto- 
plasm contains numerous granules both coarse and fine, the latter 
showing active Brownian motion. When dilutions of 1 : 15 to 1 : 120 of 
old tuberculin from the human or the bovine type of tubercle bacilli are 
added to explants of bone marrow from a tuberculous guinea pig it will 
be noted that after 18 to 24 hours’ incubation the cells that have 
either failed to migrate and multiply or the small number of cells 
that have migrated are degenerated or dead as evidenced by their 
rounded, shrunken or vacuolated appearance. When dilutions of 
tuberculin greater than 1:120 are added cell migration is well marked 
but numerous degenerated and dead cells may be seen as well as nu- 
merous actively motile living cells. The number of living cells increases 
as the concentration of tuberculin is decreased. Tissues from different 
tuberculous guinea pigs show quantitative differences in their sensitivity 
to tuberculin. 

When tuberculin from mammalian tubercle bacilli or “tuberculin” 
from other acid-fast bacteria or when glycerol broth concentrated, 
like the tuberculin, in dilutions of 1 : 15 was added to explants of bone 
marrow from non-tuberculous guinea pigs the growth and migration 
of the cells were inhibited but when these tuberculins or glycerol broth 
were added in greater dilutions to c-xplants of bone marrow the growth 
and migration of the cells were as extensive as in control cultures free 
of tuberculin. 

Table I summarizes the results of a UTical experiment with e.xplants 
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of the spleen, and of the fibroblasts in the explants of the testes of 
tuberculous guinea pigs but that in the explants from non-tuberculous 
guinea pigs dilutions of tuberculin greater than 1 ; 15 did not affect 
cellular growth or migration. 

It was noted that explants from the tissues of tuberculous guinea pigs 
planted in plasma from non-tuberculous guinea pigs or in Locke solu- 
tion were equally sensitive to the cytotoxic action of tuberculin pre- 
pared from the human or bovine types of tubercle bacilli. On the 
other hand explants from tissues of non-tuberculous guinea pigs grown 
in plasma obtained from tuberculous animals were not sensitized to 
the action of tuberculin. These results, which are in accord with those 
of Fischer (1) and of Rich and Lewis (2) indicate that sensitivity to 
tuberculin is a cellular characteristic and cannot be transferred pas- 
sively. 

Specificity of the Cytotoxic Action of Tiibcrcnlin' 

The cytotoxic action of tuberculin prepared from the mammalian 
types of tubercle bacilli on tissue from tuberculous animals was so 
definite that further investigation was undertaken to determine the 
specificity of the reaction. 

“Tuberculins” prepared from various acid-fast bacteria were added 
to explants of the bone marrow and spleen of guinea pigs previously 
infected with either the human or the bovine type of tubercle bacillus 
as well as to explants of the same tissues of non-tuberculous guinea 
pigs. 

In one series of experiments the explants were grown in plasma from 
tuberculous guinea pigs and chick embryonic extract while in a second 
series the tissues were planted in Locke solution. Similar results were 
obtained with either method. 

With dilutions of 1 : 30 to 1 :640 the “tuberculins” from the acid-fast 
bacteria other than the human or the bovine type of tubercle bacillus 
had slight or no effect on the growth of the explants derived from the 
tuberculous animals and in dilutions greater than 1 ; 15 none of the 
tuberculins exerted any inhibitor}-- action on the e.xplants from non- 
tubcrculous animals. The specific effect of the “tuberculins” pre- 
pared from the various acid-fast bacteria upon e.xplants of ti.ssuc from 
tuberculous and non-tuberculous guinea pigs is shown in Table II. 
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and Lange (8) with M. phlei, by Crawford (9) with M. avium and by 
Aronson (10, 11) withilf. thamnopheosBXiAM. inarinum. 

The observations with tissue culture are also in agreement with the 
results obtained by serological methods. Aronson and Lewis (12) 
found by means of the complement fixation reaction that the human 
and bovine tubercle bacilli were similar to each other in antigenic struc- 
ture but that they differed from the avian tubercle bacillus and from 
the various acid-fast bacteria. In a more precise manner, Wilson (13), 
and Furth (14) demonstrated by means of agglutination and agglutina- 
tion-absorption experiments that the antigenic structure of the human 
and of the bovine tubercle bacilli are identical, and unlike that of the 
avian and of the other acid-fast bacteria. 

Relation of Age of Animal to Sensitivity to Tuberculin 

Freund (15) has shown that although young guinea pigs previously 
infected with the mammalian type of tubercle bacilli show slight if any 
reaction to tuberculin injected into the skin, yet they are as sensitive 
as adult tuberculous guinea pigs to the lethal action of tuberculin in- 
jected into the peritoneal cavity. This observation suggests that 
tissues of young guinea pigs are sensitized to the toxic action of tuber- 
culin but that they do not react cutaneously because, presumably, of 
certain anatomical and physiological differences in the skin of young 
animals. 

To determine whether the sensitivitj'' of the various tissues of the young tubercu- 
lous guinea pig to tuberculin differs from that of the adult guinea pigs, two adults 
and their litters of four 1 daj" old guinea pigs were injected subcutaneously with 0.1 
mg. of a strain of tubercle bacillus of human tj^pe. These animals were killed 28 
days after infection and e.\-plants of the spleen and bone marrow were prepared 
simultaneously. The tissues were planted in plasma from an adult tuberculous 
guinea pig and tuberculin from the human type of tubercle bacillus in dilutions 
1:15 to 1:240 was added. It was found that the e.\plants from the young and 
from the adult animals were equally sensitive to the same dilution of tuberculin. 

Effect of Old Tuberculin on Chicken Tissues 

To observe further the specificity of the different tuberculins studies 
were made of their action upon explants of spleen and bone marrow of 
tuberculous and of non-tuberculous chickens. The technique em- 
ployed was the same as that described in the first part of this paper 
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Table III shows the effect of different tuberculins upon explants of 
the spleen of tuberculous and of non-tuberculous cliickens. 

It will be noted that “tuberculin” prepared from the M. Jcprae 
Clegg has no cytotoxic effect on explants from tuberculous chickens, in 
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contrast to the action of “tuberculin” from the M. leprae Duval and 
from the M. leprae Kedrowsky. This difference is significant since it 
furnishes additional proof of the relationship between the Duval 
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also react to a lesser degree to tuberculin prepared from mammalian 
tubercle bacilli. Similar observations have been made by Elder and 
Lee (18), Plum (19), Mitchell and Duthie (20) on calves and cattle 
infected with the avian type of tubercle bacillus. Schalk (21) on the 
other hand found that 75 per cent of cattle exposed to tuberculous 
fowls became sensitive to tuberculin from the avian tubercle bacillus 
but did not react to tuberculin prepared from the bovine tubercle 
bacillus. 

The writer has noted that tuberculous fowls give a marked inflam- 
matory reaction and edema when tuberculin from the avian, human, 
bovine, M. leprae Duval or M. leprae Kedrowsky are injected into the 
wattle but that the reaction to the tuberculin from the avian type and 
from the two strains of M. leprae is more intense than to the tuberculin 
from the mammalian types. Dr. E. L. Stubbs of the School of Veteri- 
nary Medicine of the University of Pennsylvania, has observed that 
tuberculous fowls are more readily desensitized to tuberculin from the 
mammalian types than to tuberculin from the avian type. 

CONCLUSION 

Tuberculin from the human and from the bovine type of tubercle 
bacilli inhibits the growth of cells from explants of bone marrow, spleen 
and testes of tuberculous guinea pigs, and is toxic for these cells, but 
has no effect on explants of the same tissues from non-tuberculous 
animals. 

“Tuberculin” from other acid-fast bacteria has no inhibitory or toxic 
action on explants of tissues from either tuberculous or non-tubercu- 
lous guinea pigs. 

Tuberculins from the avian, bovine and human types of tubercle 
bacillus as well as “tuberculin” prepared from the Duval and from the 
Kedrowsky strains of M. leprae inhibit the growth of the cells of ex- 
plants of the spleen and bone marrow of tuberculous fowls and are toxic 
for these cells, but have no effect on the explants from tissues of non- 
tuberculous chickens. 

“Tuberculins” from other acid-fast bacteria have no effect on the 
growth of e.xplantsof tissues from tuberculous or from non-tuberculous 
fowls. 
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occurred lesions of essentially the same character in the cerebrum. 
The material which has accumulated has taught us that cerebral lo- 
calization of the lesions is of not infrequent occurrence, and that simi- 
lar changes may be also found at times in the medulla and midbrain. 
The relative frequency with which the lesions have been found in the 
different portions of the brain is shown in Table I, 

Since the brains were not serially sectioned, these figures cannot be 
regarded as very accurate, but they indicate correctly tlie relative 
sensibility of the different portions of the brain to the disease, and the 
predominance of the cerebellar lesions. Lesions of the cerebrum, un- 
accompanied by cerebellar lesions were found in but thirteen chicks, 
and isolated lesions of the medulla or midbrain in but three. Only 
once were lesions found in the optic lobes. 


TABLE I 




per ccr.t 

Total No. of chicks 

169 


Cerebellar lesions 

153 

90.6 

Cerebral lesions 

48 

2S.4 

Medullary or midbrain lesions 

19 

11.3 

1 



The earliest and mildest recognizable lesions point very definitely to a circula- 
tor}’' disturbance as the initial factor in the production of the lesions. Thus, in 
the cerebellum, there is seen engorgement of the pial vessels, and of the capillaries 
of the molecular and granular layers, and of the central white matter. Not all the 
vessels are filled with er 3 "throcytes; some are dilated or empty. This is seen es- 
pecially in the white matter, less often in the granular layer, and only occasionally 
in the lower portion of the molecular layer. Numerous small hemorrhages occur 
into the pia and the cerebellar layers, but are most conspicuousl}" seen in the lower 
portion of the molecular lay(ir. A mild edema separates the fibers of the white 
matter. 

A further step in the development of the lesions is seen in the presence of defin- 
ite edema in the Purkinje cell layer, which becomes strikingly rarefied and spongy 
(Fig. 6). The Purkinje tells and the Bcrgmann astrocytes are spread apart, and 
often displaced away from the granular layer towards the pia. In Bielschowsky 
preparations, the ascending fibers of the Golgi cells, the basket fibers, and the col- 
laterals of the Purkinje axones which form the plexus infra-ganglionaris, are seen 
to be spread apart. In Cajal gold sublimate preparatons, the large astrocytes of 
the Bcrgmann t}’pc, instead of forming two or three regular layers at the Purkinje 
cell level and sending out parallel rows of fibers at right angles to the pia to form 
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clear, protoplasmatic, and fibrillar fragments remaining to indicate their original 
position. Lipoid droplets are found within these degenerating remnants. 

Interesting alterations are seen in the capillaries. The endothelial cells become 
greatty swollen, and grow actively, often with lateral sprouting, into the necrotic 
tissue. Mitotic figures are frequently encountered. 

From this point on, the astrocytes and oligodendroglia degenerate and disappear 
(Fig. 4). The tissue becomes more and more spongj’’, and contains numerous 
compound granule cells, which in the Scharlach R stain are seen to be laden with 
fat (Fig. 12). The hyaline thrombi, as described in the previous paper, are pres- 
ent in and about the lesions from the verj' first appearance of the degenerative 
changes in the ganglion cells (Fig. 13). 

As a final stage in the process, one finds that the malacic areas become more or 
less organized b}’’ the ingrowth of mesodermal tissue. Reticular fibers are seen in 
increasing abundance in and about the walls of the cortical blood vessels, often 
constituting compact, tubercle-like nodules. Small focal areas may be organized 
in this way, or one or several entire lobules. From these, fibers pass out and 
interlace through the area to form a loose spong}'^ network (Fig. 5). In this are 
found varjring numbers of phagocj'tes, containing brownish yellow pigment, some 
of which gives an iron reaction. 

It is not to be assumed that the lesions throughout the cerebellum 
are of necessity all at the same stage of evolution. On the contrary, 
it is not unusual to find early acute degenerative changes in some of 
the lobules, while in other lobules or areas, various stages of repair are 
in progress. One may assume from this fact that the brain has been 
subjected to repeated or continued insult. On the other hand, in 
many of the chicks that were killed soon after the onset of symptoms, 
only the early lesions are discoverable; and if one may draw deduc- 
tions from the clinical behavior, most extreme changes may develop 
in a very short period — certainly within 6 hours or less. 

The study of the lesions in the cerebrum and medulla adds notliing 
of importance to what has already been described. Both the de- 
generative and the reparative processes are essentially identical with 
those occurring in the cerebellum. 

In those cases in which both cerebrum and cerebellum are affected, 
it has repeatedl}’ been noted that the cerebral lesions are recent in 
their appearance, while the cerebellar lesions arc in the healing or 
reparative stage. Clearly, the injury to the cerebellum in these cases 
antedates that in the cerebrum. 
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DISCUSSION 

It was stated in the previous paper that the lesions in the chicks 
were probably initiated by vascular disturbances, and further morpho- 
logical study tends to confirm this view. Summarizing the changes 
described above, we find a degenerative lesion, characterized by edema, 
rapid necrosis of the neural elements, and later of the astrocytes and 
oligodendroglia. As reactive changes, one may list the multiplica- 
tion and local increase of the microglia, with subsequent transforma- 
tion into compound granular cells, the proliferation of endothelium 
with the formation of new vascular ingrowths into the degenerated 
areas, and finally, the partial mesodermal organization of the softened 
tissue. This series of changes is characteristic of the encephalomalacic 
areas ^Yhich are produced in the central nervous system by functional 
or anatomic vascular disease. 

In the disease of chicks, changes in the larger vessels may be ex- 
cluded as a possible cause of the lesions. While hyaline and fibrin 
thrombi are almost invariably to be found within and about the de- 
generated areas, not all the capillaries are thus occluded and ^ve have 
not been able to bring proof that the capillary thrombosis is a primary 
cause of the ensuing necrosis. Indeed, it may well follow upon a 
prolonged vasoconstriction, or vasomotor paralysis, or the first fol- 
lowed by the second. 

As an indication of the functional nature of the disturbance, we have 
found marked sjunploms without detectable histological lesions in 
thirteen chicks. There have been noted tremors, ataxia, retropulsive 
movements, and in a few chicks, retraction of the head. In the ab- 
sence of complete serial sections, one cannot be entirely certain that 
small lesions may not have been present. 

Spiclmeyer (2) has shown that exactly similar lesions to those here 
described may occur, not only as a result of gross vascular disease, but 
in cases in which no anatomic changes arc demonstrable and in which 
one is forced to assume a functional circulator}' disturbance. Riclicr 
(3) has long held the view that various factors, mechanical or chemical, 
may aficct the vasomotor ncrv'cs, producing vasoconstriction and dila- 
tation of sufiicient duration to bring about local necrosis of tissue. 

In his study of epilepsy, Spiclmeyer (4) has come to the conclusion 
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that the local lesions often found in that condition, are the result of 
functional vascular disturbance. He cites the observations of Hors- 
ley, Hartwell and Kennedy, Foerster, and others who have actually 
seen constriction of the cerebral vessels during epileptic seizures. He 
points out the similarity between the lesions in the Sommers sector 
of the hippocampus found in epilepsy, unassociated with alterations of 
the vessel walls, and those which result from gross disease of the ves- 
sels supplying that area. It is particularly interesting that Spiel- 
meyer’s description of the early cerebellar lesions occurring in epilepsy, 
applies in all respects to the lesions which we have noted in the chicks. 

As an e.\planation of the greater susceptibility of the cerebellum to 
circulatory injury, Spielmeyer calls attention to the rather sharp right 
angled turn of the vessels at the Purkinje cell level, as described by 
Pfeifer (5). In the cerebellar lesions of the chicks, the early changes 
are most frequently detected in and about the Purkinje layer, and it 
seems not unreasonable to believe that this preferential localization 
may be explained in this way. 

CONCLUSION 

Whatever may be the nature of the nutritive error or deficiency 
which in chicks is responsible for encephalomalacia, the immediate 
cause must be looked for in some agent or condition which impairs the 
capillary circulation of the brain. The essential lesion is an ischemic 
necrosis, followed, if the animal survive, by reparative organization of 
the dead tissue. 
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EXPLAX.mON OF PLATES 
Pl..\TE 36 

Fir.. 1. Incrc.ise in number of microglia cells, with elongation of bodies and 
nuclei and loss and distortion of cell processes. Del Rio Hortega's silver carbon- 
ate slain for microglia. I’bj. 16 mm. Oc. 10. 
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Fig. 2 a. Section through' cerebellar cortex showing normal oligodendroglia. 
Fig. 2 h. Similar section from encephalomalacic chicks, showing changes in 
oligodendroglia. Loss of cell processes. Del Rio Hortega's silver carbonate 
stain for oligodendroglia. Obj. 16 mm. Oc. 10. 

Fig. 3. Degeneration of neuraxones in white matter. Biebchowsk)’’ stain. Obj, 
4 mm. Oc. 10. 


Plate 37 

Fig. 4. Destruction of astrocytes in degenerated area without any reaction. 
Cajal gold-sublimate stain. Obj. 4 mm. Oc. 10. 

Fig. S, Connective tissue replacement of degenerated lobule with formation 
of nodular areas of condensation in cortex, Laidlaw stain. Obj. 4 mm, Oc. 10, 

Plate 38 

Fig. 6. Edema and rarefaction of Purkinje cell layer. Degeneration of cells 
of granular layer. Perivascular hemorrhages. Hematoxylin and eosin stain, 
X 138. 

Fig. 7. “Ischemic’^ necrosis of Purkinje cells. Pycnosis of nuclei of granular 
layer. Edema. Hematoxylin and eosin stain. X 618. 

Fig. 8. Swollen and hydropic nuclei of Bergmann cells. Hematoxylin and eosin 
stain. X 618. 

Fig. 9. Marked increase in microglia cells in molecular layer. Hematoxylin and 
cosin stain. X 138, 

Plate 39 

Fig. 10. Incrustation of Bergmann fibers with calcium. Hematoxjdin and 
cosin stain. X 618. 

Fig. 11 . Increase of astroc>'tcs in white matter near ventricle. Note also de- 
struction of granular and accumulation of microglia in molecular layer. Hema- 
toxylin and cosin stain. Low power. X 138. 

IiG. 12. Atrophy of lobule with appearance of large numbers of lipoid-con- 
taining phagocytes. Hematoxylin and cosin stain. X 138, 

Fig. 13. Hyaline thrombi in capillaries in degenerated area. Hematoxylin 
and cosin slain. X 138. 
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M ethod 

Method of Gradhtg, — The venom ^Yas supplied to us in solid scales by the Anti- 
venin Institute of America. It was used in dilutions of 1:1000 and 1:2000 in 
physiologic salt solution. The skin on the abdomen of the rabbits was epilated 
with barium sulfide and 24 hours were allowed to elapse before grading was 
attempted. 

The epilated area at the extreme upper right corner (usually a few inches below 
the costal margin) received an intradermal injection of 0.1 cc. of 1:1000 snake 
venom. The reaction was read in 1 to 2 hours. The snake venom produced a 
reaction in the rabbits which varied from a slight redness to an intense purpura 
several centimeters in diameter in the more susceptible animals. In the center 
of the purpuric area there was very often seen a yellowish spot. The yellow area 
usually indicated an earl}'' necrosis. The animals were graded from 0 to 25 accord- 
ing to the degree of reaction which was produced. A slight er 3 ^thema was 5; red- 
ness was graded from 10 to 15 depending on its intensity, and a definite purpura 
was 20. When the area of purpura was ver}'- large or showed a central j^ellowish 
spot it w^as given the maximum grading of 25. Animals giving a zero reaction 
were rare. 

Two venoms were used — those of Ancisirodo?i piscivorus and Crolahis atrox; 
it was found that the venom first mentioned gave the most uniform and reliable 
results. 

Toxi7is Used, — B, typhosus^ B, colt and meningococcus “agar w’ashings^^ filtrates 
were used in the experiments; the^^ were prepared according to Shwartzman’s 
method (3). B, typhosus Filtrates 1229, 1609 and A 53 were used which were 
prepared from cultures T^; B, coli Filtrate (A 43) prepared from a stock culture 
of colon bacilli; meningococcus “agar washings^^ Filtrate 1405 prepared from 
Wadsworth Strains 44 B (Group III) and 44 D and Filtrate 123 prepared from 
Washington H^^gienic Laboratory Strain (Group I). 

In carrj'ing out the test for the Shwartzman phenomenon 0.25 cc. of the un- 
diluted “agar washings’' filtrates was injected intradermally in the abdominal 
skin of a rabbit 24 hours after epilation. 24 hours after the intradermal injection 
the diluted “agar washings” filtrate — 1 cc. per kilo — \vas given intravenously. 
The bacterial filtrates used had been titrated in each instance. According to 
Shwartzman’s specifications, one unit of “agar washings” filtrate is contained in 1 
cc. of the highest dilution which upon intravenous administration in amounts of 1 
cc. per kilo, still produces the phenomenon in one or more of three rabbits prepared 
with 0.25 cc. of the undiluted filtrate. In the tables the number of units given 
were thus computed. 

The site for the Shwartzman phenomenon was always at least 5 cm. removed 
from the area where the venom was injected and at least 7 cm. separated the van- 
ous sites for the elicitation of the Shwartzman phenomenon if more than one was 
done in the same rabbit. In man\- of the rabbits the area in which it was at- 
tempted to elicit the phenomenon was 10 cm. removed from the venom site. 



SAiroEL SI. PECK AND HAKRY SOBOTKA 


409 


TABLE I 

The Refractory Slate after the Injection of Moccasin Venom 


Shwartonau phenomenon with 


Toxin 

Typhoid 1229 

11 units 

^leningo- 

Coii A 43 


Dosace ncr ktr 

coccus 423 
(Group I) 
Xi units 

18 units 









Date..,. 

Nov. 13-14 

18-19 

Nov. 21-22 

Nov, 2S-2G 

Dec. 5 


Kahblt No. 

IHBSH 


■ 



Regraded 
1000 2000 

Date 

1000 

2000 


■ 



663 

Nov. 5 

15 

5 

— 

0 

0 

0 

5 5 

739 

Nov. 5 

25 

20 

— 

0 

0 

0 

Dead 

764 

Nov. 5 

10 

0 

— 

0 

0 

0 

Dead 

771 

Nov. 5 

15 

IS 


0 

0 

0 

15 15 

835 

Nov. 5 

25 

25 

— 

0 

0 

0 

15 10 

405 

Nov. 7 

5 

5 


0 

0 

0 

Dead 

960 

Nov. 7 

1 20 

10 

— 

0 

0 

0 

20 10 

311 

Nov. 11 

25 

20 

++++ 

1 xi cm. 

1 0 

0 

0 

20 5 

390 

Nov. 11 

15 

10 

-bri-f 

1x1 cm. 

0 

0 

0 

Dead 

445 

Nov. 14' 

20 

20 


0 

0 

++++ 

2J X li cm. 

Dead 

Controls 









429 

910 




— 

— 

— 

4x3 cm. 

Dead 




— 

— 

— 


10 10 

970 




— 


.. , 

1 X i cm. 

0 

15 10 

2 







“b-bri-ri* 

2x2 cm. 

25 5 


— equals phenomenon not elicited. 


The lljfcci of Injcclious of Snake Venom on ihc Incidence of the 
Shcarlcvwn Phenomenon. 

Series L — 


Pxpciiv'.cnl 7.-~‘*l*ouriccn rabbits tvcrc used in this experiment; ten of the anirr 
tterc ^Traded with .jfraV.Veic?: f iscirents venom, according to the lcchniqt:c 
scribed above and four were used as controls. After an interval of 2 to 20 d 
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the attempt was made to elicit the Shwartzman phenomenon with typhoid “agar 
washings” filtrate (No. 1229) containing 700 units per cubic centimeter, i.c. in a 
dilution of 1 : 700 1 cc. contained one unit, with meningococcus “agar washings” 
filtrates titrating 400 units per cubic centimeter and with B. colt “agar washings” 
filtrate (A 43) titrating 1350 units per cubic centimeter. 

As can be seen from Table I, no puipura developed in any of the 
ten rabbits wliich had received intradermal injections of snake venom 
6 to 13 days previous to the attempted elicitation of the Shwartzman 
phenomenon with one and one-sixth units of the typhoid “agar wash- 
ing” filtrates intravenously. The same intravenous dose given 2 
days after grading gave a positive result in both animals in which it 
was tried (Nos. 311 and 390). When we attempted to elicit the 
phenomenon in the same animals 9 to 16 days after grading with the 
meningococcus filtrates, using one and one-third units per kilo intra- 
venously, only one of the ten animals gave a plus-minus reaction. 
The experiments in which less than two units are used intravenously 
per kilo are not very striking because in normal rabbits only about 
25 to 30 per cent would give a phenomenon. 

13 to 20 days after grading an attempt was made to produce the 
phenomenon using eighteen units of colt “agar washings” filtrates per 
kilo intravenously and in only one animal did we get a positive reac- 
tion. The four controls injected intravenously ^vith the same dosage 
of coH filtrates for the elicitation of the phenomenon gave three posi- 
tives. When eighteen units of the bacterial filtrates are given intra- 
venously per kilo about 75 per cent positives can be expected in 
normal rabbits. 

A second injection of venom 23 to 30 days after the first gave but 
a slight variation from the original grading. 

ExpcrimcvA 2 . — Ten rabbits were graded with Ancisirodon piscivortts venom, 
while eight rabbits were used as controls. This experiment is essentially the same 
as E.xpcriment 1 with the e.xccption that the number of units of “agar washings’ 
filtrates given intravenously for the elicitation of the Shwartzman phenomenon 
was greater. 

As can be seen from Table II, tvhen eighteen units of the B. cob 
“agar washings” filtrates were given per kilo intravenously to produce 
the phenomenon in periods of 14 to 21 days, after grading with snake 
venom, three of the ten rabbits gave a positive reaction. Of five con- 
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trols receiving the same dosage, three were positive. Thirty-four 
units of typhoid bacterial filtrate were given intravenously per kilo 
18 to 25 days after grading and four of nine animals were positive; 
while of five controls four gave a phenomenon. 

When 350 units of meningococcus filtrates were given per kilo, 25 
to 32 days after injection with snake venom, two of the seven rabbits 
were positive, while of the eight controls seven were positive. 

The first five controls were ihjected with venom 2 days after the 
elicitation of a Shwartzman phenomenon with B. colt “agar washings” 
filtrates. When thirty-four units of typhoid filtrates or 350 units of 
meningococcus filtrates were given intravenously per kilo, a period of 
2 to 9 days after the venom injection was not sufficient to permit a 
resistance to develop in the animals against such large amounts. 
Animals which became refractory to the phenomenon after an incuba- 
tion period of about 14 days following the injection of snake venom, 
tended to remain refractory when the same approximate amount of 
another bacterial filtrate was used for elicitation of a second Shwartz- 
man phenomenon. On the other hand, those animals which failed 
to become refractory tended to remain non-refractory even after 
longer incubation periods. 

Expcrivicnl 3 . — ^Three rabbits received two intraperitoneal injections of 0.4 cc. 
of 1 :2000 moccasin venom at 8 day intervals; two other rabbits were given similar 
amounts subcutaneously at the first injection and intramuscularly 8 daj's later. 
Five rabbits received two injections of 0.4 cc. of the moccasin venom intra- 
venously a week apart. The attempt was then made to elicit the Shwartzman 
phenomenon as in Table III. 

As can be seen from Table III in two of the intraperitoneally in- 
jected rabbits, twenty-five units of meningococcus, typhoid or coli 
“agar washings” filtrates failed to elicit a phenomenon 27, 38 and 45 
days after tlie injections of venom respectively. In one animal twenty- 
five units of meningococcus filtrate did give a well marked purpura 
25 days after the intraperitoneal injection. No conclusion can be 
drawn from the subcutaneously and intramuscularly injected animals 
because of the small number of animals used. Only one of the five 
rabbits which had received moccasin venom intravenously gave a 
three plus reaction with twenty-five units of meningococcus filtrates 
per kilo. 
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Experiment 4.-^Each of five rabbits received intradennal injections of snake 
venom {Croialus air ox) on Jan. 14th and 23rd and Feb. 7 th, as in the previous ex- 
periments (Experiments 1 and 2). An attempt was made to produce a Shwartz- 
man phenomenon 36, 47 and 54 days after the first intradennal injection of snake 
venom, with meningococcus, typhoid and B. coli “agar washings” filtrates 
respectively. 


TABLE m 

Incidence of the Shwartzman Phenomenon after Intraperitoncalj hUramuscuIar and 
Intravenous Injection of Venom vi Rabbits 


Shwartzman phenomenon with 


Toxin..... 

Do'iage per 
hg 

Each injection consisted of 
0.4 cc. of 1:2000 

Moccasin venom 

Meningococcus 44 D 

25 units 

TTOhoid 

A 53 

25 units 

Coli A 43 

25 units 

Date...... 

Jan. 23 and Feb. 7 

Feb. 19-20 

Mar. 2-3 

Mar. 9-10 

Rabbit Ko. 

Venom injection route 




610 

f(l) subcutaneous 1 

++-f Ixl cm. 

0 

“h++-i- 2x2 cm. 

781 

\(2) intramuscular/ 

0 

0 

0 

826 

1 Intraperitoncal 

(0)* 

0 

0 

847 


(0)* 

0 

0 

Date 

Mar. 13 and 20 

Apr. 7-8 


107 

Intraperitoncal 

-j-'hd* 2x3 cm. 

4 other intrapcritoncally in- 




jecled animals died 

41 


0 



60 


0 



90 

dntravenous 

0 



97 


■f *f “h 2.x 2 cm. 



117 


0 




* Animals previously used in meningococcus experiments. 


Analysis of Table IV shows that after three intradennal injections 
of rattlesnake venom twenty-five units of the meningococcus “agar 
washings’’ iillratcs intravenously per kilo elicited a phenomenon in 
three of five animals, after a period of 36 days following the first in- 
Iradermal injection; twenty-five units of the tx'phoid “agar washings” 
lilt rale? elicited a phenomenon in two of four animals after 47 days 
and twenty-five units of the /5. coli “agar washinc:?*’ filtrates gave a 
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purpura in two of four animals after 54 days. The incidence of 
positive animals was reduced very little when compared to non- 
graded rabbits. This experiment seems to show that rattlesnake 
venom is not effective in producing a refractory state as concerns the 
Shwartzman phenomenon. 

A summary of Series I shows that twenty rabbits received one. in- 
tradermal injection of Ancistrodon piscivorus venom in amounts of 
0.1 cc. of the 1:1000 at one site and the same amount of 1:2000 at 


TABLE IV 

Incidence of the Shwarlzman Phenomenon after the Injection of Rattlesnake Venom 



Shwartzman phenomenon with 

Toxins 

Dosage per kg. 25 units throughout 

Meningococcus 
44 D 

Typhoid A S3 

Coli A 43 

Date 

! Jan. 14 

! 

1 Jan. 23 

i 

Feb. 7 

Feb. 19-20 

Mar. 2-3 

Mar. 9-10 


Rabbit Ko. 

1 , 

! Grading with Crotalus alt ox 1000 and , 
1 2000 respectively , 

1 . . 1 

1 

1 


562 

15 5 

25 15 

15 10 

H — ! — [-+ 

++++ 

+ + + + 





1 X ^ cm. 

2h X 2 cm. 

2 .\' 3 cm. 

626 

15 10 

20 20 

20 20 

-j — I — f- 

0 

+ + + + 





1 .X J cm. 

1 

' 2x3 cm. 

655 

1 

15 10 

20 20 

20 15 

b 

1 H — f“ 

3x2 cm. 

0 

672 

20 15 

20 15 

i 

20 20 

++ 

3x2 cm. 

Dead 


681 

25 15 

20 20 

20 20 

0 

0 

0 


another. In ten of these rabbits no Shwartzman phenomenon was 
elicited with a little more than one unit of typhoid or meningo- 
coccus "agar washings” filtrates intravenously per kilo, 6 to 9 days 
after the injection of the snake venom. When eighteen units of 
B. coli bacterial filtrates per kilo were given intravenously in only 
four out of twenty rabbits did we get a purpura in 13 to 22 days after 
grading. The same amount of bacterial filtrates intravenously given 
to nine controls for the elicitation of a phenomenon gave positive 
results in six out of nine animals. When the dose of the filtrates 
which was given intravenously was increased — thirty-four units of 
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intravenously plus 0.5 cc. of the anUvenin. One 
animals died; three had a four plus reaction and one was a plus-minus. 

TUs e.vperiment shows that antivenin does not neutralise the in- 
travenous factor in the Shwarteman phenomenon and therefore anti- 
venm-hke antibodies arculating in the blood stream are not the cause 
f the refractoiy state.' It was decided to see whether antivenin 

would prevent the occurrence of the phenomenon after an incubation 
period. 

"^^bits each received 2 cc. of pooled 
nhlnom l^dae Lot 48804-1) subcutaneously. 2 davs later the 

fna?> toe t"'enty-five units of meningococcus “agar vash- 

be read and o intravenously. One animal died before the reaction could 

be read and the other four all developed a four plus reaction. 

antivenin in relatively large quantities even during a 

° does not produce a passive resistance as concerns 

tne phenomenon. 


bodies further that there were no circulating anti- 
bodies developed by the rabbits, Rabbits 626, 681, 562 and 672 were bled on Feb. 

venom ^ injected intradermally with rattlesnake 

werelnlr' A ^he serums of 626 plus 681 and 562 plus 672 

i Shwartzman phenomenon was elicited in si.v rabbits with men- 

oTZ ‘‘Zl filtrate (44 D-titration 1 : 1460). Twenty-five units 

k ll iT u 1 (626-1-681) were given per 

like ouantii* animals and Serum 2 (562-f672) to the other three in 

in nil n*f tti ™^*^^^5ococcus to.\in. A phenomenon could be elicited 

in all of the si.\ animals. 


^ jSo circulating antibodies which would neutralize the Swartzman 
intravenous factor could be demonstrated by this e.\-periment. How- 
ever, this may have been due to the fact that the rattlesnake venom 
was not efficacious m producing the refractory condition. Therefore 
the following e.xperiment was added: 


. uhcthcr snake \enom could raise resistance to true e.xoto.xins, twelve 

received two intradermal injections of moccasin venom in the skin of 
the abdom_en 0.1 cc of 1:1000 and l:2000-on Jan. 28, 1931, and Feb. 7, 1931. 
On I cb they each received 2 m. l. d. of diphtheria to.xin (1 cc. - 125 M. r. n.). 
.\11 of the animals died in 2 to 5 days. We could not elicit a ShwarUman phenom- 
enon with cliphthenn toxin. 
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enon, after an incubation period. Evidently the refractory, condi- 
tion, in some of the rabbits at least, is incomplete because it could 
only be demonstrated in those when smaller doses of the "agar wash-- 
ings” filtrates relatively to the ordinary were given intravenously for 
the elicitation of the phenomenon. 

The Shwartzman phenomenon probably depends on the enhanced 
vulnerability of the capillaries at the site of the primary injection to 
a subsequent intravenous injection of the bacterial filtrate. It is 
conceivable that by injections of small quantities of a vascular poison 
such as snake venom (6) a change is produced which raises the thresh- 
old for the elicitation of the phenomenon. 

The refractory condition could not be transferred passively either 
by means of serum from rabbits made refractory with venom or by 
antivenin. These facts coupled with the lack of a changed reaction 
in the refractory animals to snake venom makes it very probable 
that the mechanism of resistance does not depend on circulating anti- 
bodies or on the production of an antivenin. 

SUMMARY 

The majority of rabbits receiving intradermal, intraperitoneal or 
intravenous injections of moccasin venom became refractory to the 
development of the Shwartzman phenomenon. An incubation period 
of about 14 days was required for their resistance to develop. The 
incidence of refractory animals was inversely proportional within 
limits to the amount of toxin given intravenously to elicit the Shwartz- 
man phenomenon. The intravenous route was the most efficacious 
in developing refractivity. The refractory state was still present 
44 days after the primary injection of moccasin venom. 

Rattlesnake venom was not efficacious in inducing a refractory 
state. 

The refractor}' animals did not show a changed reaction to moc- 
casin venom in the concentrations used. 

No circulating antibodies could be demonstrated to e.xplain the 
refractor}' state. 

Antivenin had no effect on the course of the Shw'artzman phe- 


nomenon. 
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IS THE RAT DERMATITIS CONSEQUENT ON VITAMIN 
(G) DEFICIENCY TRUE PELLAGRA?* 
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With the Assistance or James Denton and ^Marion Ammerman 

{From the Laboratory of Physiological Chemistry in Teachers College^ Cohimhia 

University y New York) 
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When rats are deprived of water-soluble vitamin B complex they 
quickly succumb with a variety of pathological manifestations. If 
the rats arc adequately supplied with vitamin Bi they usually survive 
much longer but many, sooner or later, develop a type of dermatitis. 

The character of this dermatitis led the late Dr. Goldbcrger and 
his coworkers (1) to identify it with pellagra and to postulate the 
existence, in the complex we called water-soluble vitamin B, of a 
pellagra-preventive substance (P-P). In the years immediately 
following Dr. Goldbcrger^s suggestion there accumulated e\ddence 
of the existence of a new vitamin which the English designate as 
vitamin Bs and which in American literature is more commonly 
designated as vitamin G, also c\ddencc supporting Goldbcrgcr^s 
contention that this new vitamin was the pellagra-preventive factor. 

At the present writing, however, the view that vitamin B; (G) 
is the significant factor concerned in pellagra prevention is being 
challenged. Aykroyd (2), Hunt and Wilder (S), Bliss (4), and Sure, 
Smith, and Kik (5), have recently published papers bearing on this 
point. 

During the ])ast 3 years our laboratory has been especially con- 
cerned with the chemical fractionation of the vitamin B complex, 
lo satisfactorily assay the fractions it became necessary to use both 

KmiI before the Scciioa of the .American Chemical Strict v at Ir.4ian- 

March 31, 10 > 1 , 
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pigeons and rats as test animals and to take special precautions in 
the purification of the basal diets of these animals, especially the 
protein components. We also sought as an aid in Bi assay a source 
of vitamin B 2 (G) which should be completely free of Bi. The results 
of our studies of autoclaved yeast as a Bj source have already ap- 
peared (6). In spite of the development of a Bi — free autoclaved 
yeast as a source of vitamin Bo, variations in animal behavior still 
developed. 

We have sought for the cause of these variations in the methods 
used for purifying casein or other components of the basal diets or 
by utilizing other admitted sources of Bi and Bo. Out of the many 
series of tests involved we wish to report here a series that leads us 
in common with the investigators already cited (2-5), to question 
whether the Bo-free diet resulting in rat dermatitis owes its action 
to lack of a factor which is identical with that preventive of human 
pellagra. 

For our study of this series we enlisted the cooperation of Dr. 
James Denton, who has been identified with the study of the his- 
tology of human pellagra and black tongue of dogs (7, 8). Denton 
observed rarefaction of the corium, dilation of the vessels, and con- 
siderable reaction about the vessels in early cases of pellagra.^ In all 
cases tliis was precedent to the later skin changes. Similar changes 
were found to take place in “black tongue.” There is a corresponding 
fragmentation of the fibrillar material contiguous to tlie basal layer 
with very little change at this time in the epithelium itself. 

His viewpoint may be stated as follows: “The distinctive lesions of 
pellagra and those of black tongue of dogs appear to have their origin 
in a failure on the part of the organism to maintain tlie specialized 
supporting tissues of epithelium in various situations.” (8). 

Dr. Denton separated our specimens into two distinct types of 
dermatitis. One he found to show the characteristic corium changes 
of human pellagra. The other showed the type of dermatitis that 
seems to always develop sooner or later on deficiency of vitamin B; 
but these animals failed to show the corium histology of early human 

‘ For purposes of comp.arison with the photomicrographs to be discussed 
particular reference is made to the following photomicrographs: J. Trap. Med., 
1925, 5, 1S2, Fig. 1 ; .1?/.'. J. Path. 1928, 4, Plate SO. 
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obtained a corinm degeneration and dermatitis similar to human pellagra on a 
diet which produced good growth and was supposedly therefore adequate in Bo. 

Experiment 5. — For skin see Fig, 4. 

Diet: Ba^aL — 18 per cent acid-extracted casein; 68 per cent purified corn- 
starch; 10 per cent cottonseed oil; 4 to 5 drops daily of cod liver oil; 4 per cent 
Osborne and IMendel salt mixture. 

Vitamin — Supplied as for Rat 4630 by 0.15 mg, daily of Jansen-Donath 

fraction 16. 

Vitamin So* — No source given. 

Two rats in this series developed, after 70 to 80 days, extreme soreness of nose . 
and around the lower part of mouth, dermatitis of the paws, loss of hair about the 
joints and around the eyes, and crinkled ears. Superficial!}’' these symptoms re- 
sembled closely those of Rats 4325 and 4630. Death occurred in two animals 
within 2 weeks after onset of symptoms. The remaining animal held apparently 
normal as to skin for 20 weeks, after which nose and throat soreness developed but 
became no worse, and the animal was killed after 27 weeks on the diet (4342). 

The skin section of Rat 4343 from this series is shown. It exhibits simple 
atrophic thinning of the epidermis with squamae on the surface, but with no such 
significant corium changes as are shown by Rats 4325 and 4630. The lesions differ 
markedly from those of the human pellagrin. 

That this rat lacked growth-promoting vitamin Bo was evidenced by his failure 
to grow. 

Experiment 4 , — For skin see Figs. 5 and 6. 

Did: BasaL — 18 per cent acid-extracted casein; 68 per cent purified corn- 
starch; 8 per cent butter fat; 2 per cent cod liver oil; and 4 per cent Osborne and 
Mendel salt mixture. 

Vitamin Ri. — Supplied by Jansen-Donath fraction 16, 0.15 mg, daily. 

Vitamin jBo. — N o source given, 

Dermatitic symptoms similar in external appearance to those of Rats 4343, 
4325, and 4630 appeared in three of the four rats on tlie diet in about 50 days. 
The rats were killed on the 85th day on the diet. No growth resulted with this 
series, demonstrating lack of growth-promoting vitamin B^. 

Like Rat 4343 the skin sections- show no corium changes comparable 
to the early lesions of the human pellagrin or to those of black tongue. 
Some scarring of the superficial corium is observ’^ed. 

Su7n?nary of Cases 

The outstanding feature of these cases is the production in rats of 
two histologically different types of dermatitis; the appearance in one 

• In all cases care was taken when selecting sldn for sectioning to avoid areas 
where secondar>' infection might have occurred. 
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CiiAJiT 1, Growth curves of rats used in the tests reported. See pages 423 to 
424. 

P signifies pellagra symptoms. 

D signifies dermatitis symptoms. 
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TABLE I 

Dietary Factors Involved in the Rat Series Reported in This Article 


Rats 

4325 

4630 

4343 

5143 and 5146 

Diels 



i 

1 


Protein 

18% egg white 

18% acid-ex- 
tracted casein 

18% acid-ex- i 
tracted casein' 

18% acid-ex- 

tracted casein 

Carbohydrate. . . . 

68% corn-starch 

68% corn-starch 

68% corn-starchi 

68% corn-strach 

Fat 

8% butter 

1 8% butter 

10% cotton- 
seed oil 

8% butter 

Vitamin D 

1 2% cod liver 

2% cod liver 

4 drops cod 

2% cod liver 


oil 

oil 

liver oil daily 

oil 

Salts 

4% 0 & M 

4% 0 & M 

4% 0 & M 

4% 0 & jr 


mixture 

mixture 

mixture 

mixture 

Bi source 

Activated ful- 

0.15 mg. J-D 

0.15 mg. J-D 

0.15 mg. J-D 


lers’ eartli 

16 

16 

16 

B 2 (G) source 

1 

Liebig beef ex- 
tract (0.5 

gm.) and au- 
toclaved yeast 

Water diffusate 
beef extract 

None 

None 

Growth 

Good 

Good 

Maintenance 

only 

Maintenance 

only 

Diagnosis 

Dermatitis al- 

Dermatitis sim- 

Dermatitis lack- 

Dermatitis lack- 


lied to hu- 

ulating hu- 1 

ing corium 

ing corium 


man pellagra 
according to 
Denton 

man pellagra 

picture of 
human pel- 
lagra 

changes of 
human pel- 
lagra 


Add-extracted casein was prepared as follows: 10 kilos of casein (IMerck 
technical) was stirred into SO liters of 20 per cent methyl alcohol solution made 
0.05 per cent acid with glacial acetic acid. The mixture was stirred 24 hours by an 
electrically driven stirrer, allowed to stand 4 to 5 hours, and the supernatant liquid 
siphoned off. An equal volume of solvent was again added and procedure repeated 
three more times, a total of four extractions involving 96 hours of continuous 
stirring. The casein was then filtered on Buchner funnels, washed by stirring 20 
to 30 minutes with 2 to 2^ gallons of 95 per cent ethyl alcohol, filtered, air dried, 
and baked at 90-100°C. for 10 hours. 

The corn-starch used in the first ex-periments was extracted by stirring 5 hours 
with a large volume of 65 per cent methyl alcohol at S0°C. Three extractions of 
at least 5 hours each were made, the starch being filtered after each extraction, 
washed final!}' with 95 per cent ethyl alcohol, and dried in a vacuum oven at 40- 
SO^C. until all alcohol was removed. Later this step was abandoned as no effect 
on the results was obsen^able from the use of the corn-starch as purchased. 

The 0 M salt mixture is the classic salt mixture of Osborne and IMcndcl. 
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group of a type markedly similar to that observed in human pellagrins 
in spite of a diet rich in classic vitamin Bs sources, as evidenced by 
growth curves, and a quite different pathological picture in the other 
group which was deprived of vitamin source entirely. 

Others have observed dermatitis in the presence of vitamin Bj in 
the diet and its failure to appear in cases where Bj was omitted. Our 
data supply we believe new histological evidence that vitamin Bj 
deficiency or adequacy as measured by growth effect is not alone 
sufficient to explain the presence or absence of true pellagra. 

DISCUSSION 

The view that vitamin B2(G) may not be the pellagra-preventing 
vitamin has been suggested by other investigators. 

In a detailed study of the distribution of vitamin in foodstuffs, Aykroyd and 
Roscoc (11) in 1929 advanced evidence strongly supporting the idea of its identity 
with Goldbcrgcr’s pellagra-preventive substance. But, in 1930, Aykroyd (2) 
from his studies of B 2 distribution in cereals and especially in com (maize) is led 
to observx: “At present the association, if any, of vitamin B 2 and pellagra is 
obscure." 

Vcr>^ recently Bliss (4) notes that Goldbergcris view of vitamin B 2 as the 
pellagra-preventive substance Iras: “made less of an impression upon clinidans 
and labonitor>' workers in the South who are in actual contact with the disease 
than might be inferred from its ready acceptance in the standard texts today," 
He goes on to develop the theor>' that the pellagra-preventive factor is not a \nta- 
min but instead something which supplies iron deficiency. He reports a stud)* of 
the response of 51 human pellagra cases to iron therapy and the cure of black 
tongue by intravenous iron treatment. 

Sure, Smith, and Kik (5) have reported severe dermatitis accompanied by 
remarkable growth and have suggested tliat: “the growth-promoting and anti- 
dcrmatilis factors associated with the so-callcd antipcllagric vitamin G arc not 
s>*non\Tnous." They have supplemented this report by several others in one 
of which they describe an anemia in dtamin G dermatitis which developed in 
spite of abundance of ferric citrate in the diet. 


Tlic activated fullers’ earth used in one series was prepared by the method of 
Williams and Waterman and shown by growth tests to be practically Bt-frcc 
(9). I^alcr wc used a fraction of high vitamin Bj concentration oblainc<I in 
Williams, Waterman, and Gunn’s (10) duplication of the Jansen-Donath proce- 
dure. It represents Jansen and Donath's PiCh precipitate after removal of the 
platinum. 

'Hie egg wliitc wc used was commercial froren raw ege white, Soll ls were de- 
termined and the egg wliitc fed to proude 15 pcrcc.nl egg protci.n in ihc diet. 
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All of these observations as well as our own experience indicate that 
we cannot accept the vitamin Bo or G, as at present defined, as 
identical with Goldberger’s pellagra-preventive substance. Whether 
it is a factor in the syndrome of pellagra, and what other factors are 
involved, are matters demanding more experimental research and 
comparison of results. Whether Denton’s criterion for differentiat- 
ing between true pellagra and non-pellagrous dermatitis is accepted 
or not is also immaterial, but it is at least of interest as an attempt to 
define sharply the pathology of pellagra. 

In Table I is given the summary of the dietary factors involved in 
the rat series presented in this article together with data on the method 
of purification of the ingredients employed. Other workers may find 
these data of value in comparing our tests with their own. Growth 
curves of the rats are shown on Chart 1. 

A comparison of the dietary ingredients of Rats 4325 and 4630 with 
that of Rats 4343, 5143, and 5146 makes it improbable that the dif- 
ference in effects could have been due to either the source of vitamin 
Bi used, or to the protein, fat, carbohydrate, or salt sources used. 
Neither do any of the diets appear to be lacking in iron. 

SUM2VL4.RY 

1. Isolated cases of a dermatitis resembling histologically that of 
human pellagra have occurred in rats. supplied with sufficient vitamin 
Bo (G) in the form of beef extract or neutral autoclaved yeast to pro- 
duce good groNvth. 

2. Other rats on basal diets containing similarly prepared nutrients 
but deprived of any knowm source of vitamin Bo (G) develop a derma- 
titis similar in appearance to that described by other w^orkers, but 
this skin effect differs in histological picture from that found in human 
pellagra or in black tongue of dogs. These rats sho\ved growth failure 
which supports the view that they lacked growth-promoting vitamin 
Bo (G). 

3. It is suggested that dermatitis in rats may be of diverse type; one 
resulting from vitamin Bo (G) deficiency quite different histologically 
from human pellagra, and one closely allied to human pellagra and 
black tongue in dogs due to lack of some at present unidentified factor. 
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EXPLANATION OF PLATES 
Plate 40 

Fig. 1. Section of the skin from foreleg of a normal rat for comparison with the 
coria of the pathological specimens. Note especially the intact fibrillar collagen 
bundles in this section. 

Fig. 2. Skin from cheek of Rat 4325. 

Fig. 3. Skin from cheek of Rat 4360. 

Plate 41 

Fig. 4. Skin from forearm of Rat 4343. 

Fig. 5. Skin from forearm of Rat 5143. 

Fig. 6. Skin from forearm of Rat 5148. 

Giemsa stain used. Magnification *= 110. 
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itself has an acid equivalent of 338, i.e. it has one free carboxyl (COOH) 
group for every two sugar molecules. In addition to the free carboxjd 
group there are three free hydroxyl groups (OH) per unit of aldobionic 
acid in the polymeric form. If the hydrogen atom of one of these 
three hydroxyl groups can be replaced by a nitrobenzyl group with- 
out incurring a loss in specificity of the polysaccharide, the nitro 
derivative could be reduced to the amino compound which in turn 
might be coupled through its diazonium derivative to a protein, yield- 
ing a conjoined carbohydrate-protein. Such a complex would have 
only one constituent common to the pneumococcus cell, namely, the 
capsular polysaccharide. 

The synthesis may be diagrammatically represented by the follow- 
ing series of reactions: 


— C— OH + BrCH. 


NOi 


NaOH 


-> — C — 0 CHo 


NOi 


Capsular /i-Nitrobenzyl 

polysaccharide^ ^ bromide 


/^-Nitrobenzyl 
ether of the 
polysaccharide 


Na2S204 


C— )> 


NH. 


HNO: 

HCl 


— C— OCHj <( )> 


N2CI + Protein 


/>-Aminobenzyl 
ether of the 
polysaccharide 


Diazonium chloride of 
the polysaccharide 
benzyl ether 


NajCOa 


“> [Pol>'saccharide] — OCH2 



— N=N — [Protein] 


Conjoined carbohydrate-protein 


In the following account a description is given of the experimental 
procedure used in the chemical synthesis of the ^-nitro and j/>-amino- 
benzyl ethers of the specific carbohydrate of Type III Pneumococcus 

^ Since it is impossible to draw a complete formula for the capsular polysac- 
charide, the latter has been represented by drawing the one carbon atom bearing a 
free hydroxyl group, which enters into chemical reaction with />-nitrobenzyl 
bromide in the presence of sodium hydroxide. 
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and the coupling of the amino derivative to serum globulin. The 
immunological specificity of this conjoined carbohydrate-protein com- 
plex is discussed in an accompanying publication. 

EXPERIMENTAL 

I, Preparation of (he p-Nitrobenzyl Ether of Pneunwcoccus Type III 
Soluble Specific Substunce 

'The nitrobenzyl ether of the carbohydrate was prepared by a method 
similar to that employed by Gomberg (4) in the preparation of the 
benzyl ethers of various carbohydrate derivatives. 

1 gm. of the nitrogen-free Type III pneumococcus polysaccharide was suspended 
in 35 cc. of water and brought into solution by neutralizing with n/ 1 sodium 
hydroxide. To the solution was added 4.7 gm. of finely pulverized ^-nitrobenzyl 
bromide. The mixture was heated to 100°C. and vigorously stirred. The nitro- 
benzyl bromide melted to form an oil which could be fairly well emulsified in the 
solution by violent stirring. 2.9 cc. of 30 per cent sodium hydroxide were added 
drop by drop. The rate of addition of the alkali was such that at no time were 
there more than a few drops in excess. The reaction was complete after } hour 
of heating and stirring, f.c., the theoretical quantity of alkali had been added to 
neutralize the hydrobromic acid from the />-nitrobenzyl bromide, lca\dng a neutral 
solution. The contents of the tube was now distilled with steam to rid the reac- 
tion mixture of />-nitrobenzyl alcohol. The product remaining in the flask, a 
yellow paste, was cooled to O^C. and was acidified by the addition of hydrochloric 
acid. The product was filtered on a hardened paper, washed with small portions 
of ice water, and finally was dried in a vacuum desiccator. 

The dr>' material was pulverized in a mortar and extracted with acetone in a 
Soxhlet extractor, A quantity of soluble colored material, — probably condensa- 
tion products from the ^-nitrobenzyl bromide, was thus eliminated. The polysac- 
charidc-clhcr remaining in the extraction thimble was dissolved in alkali, made up 
to 200 cc. with water, cooled to 0°C., and acidified by tlic addition of hydrochloric 
acid. The precipitate (the nitrobenzyl ether of the soluble specific substance) 
was centrifuged and then repredpitated. The final product was filtered on a 
hardened paper and was then dried in a desiccator. About 1.1 gm. of material 
were recovered. 

The nitrobenzyl ether of Uic soluble specific substance of Pneumo- 
coccus was thus obtained as a pale yellow compound, soluble in dilute 
alkali by virtue of the free carboxyl group in the molecule. Tlie enm- 
fxiund itself is insoluble in water, though its sodium salt is readily 
soluble. The compound may be precipitated by adding acid to an 
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aqueous solution of its sodium salt. The ether does not dissolve in 
the usual organic solvents. It is soluble in 75 per cent aqueous ace- 
tone, and is slightly soluble in SO per cent alcohol. 

The compound has a specific optical rotation of —26.50°, an acid 
equivalent of 480 (the calculated value for a mononitrobenzyl ether 
of a polymer of the aldobionic acid CnHigOioCOOH = 473), and a 
nitrogen content of 2.99 per cent (calculated value = 2.96 per cent). 
The substance reacts specifically with Type III antipneumococcus 
serum in dilutions of 1 : 5,000,000. 

2. Preparation of the Amiiiobenzyl Ether of the Soluble Specific Substance 

of Type III Pneumococcus 

1 gm. of the nitrobenzyl ether of the soluble substance was suspended in 20 cc. 
of water. The substance was brought into solution by neutralization with 20 
per cent sodium hydroxide. The solution was warmed to 50°C. and to it was 
slowly added a freshly prepared saturated solution of sodium Itydrosulfite. The 
solution was kept near the neutral point after each addition of Itydrosulfite, by 
the cautious addition of alkali. When a slight excess of the reducing agent per- 
sisted, as determined by the ability of the reaction mixture to bleach litmus paper, 
the solution was cooled in a freezing mixture and then carefully acidified with 
hydrochloric acid (sp. gr. 1.09). A yellow precipitate of the amino polysaccharide- 
ether separated out. After centrifugation, it was dissolved, and the solution was 
dialyzed against successive changes of distilled water until free of chlorides and 
sulfates. The solution was then poured into 25 volumes of chilled acetone, and 
after it had flocked out of solution, the amino ether was filtered on a hardened 
paper. About 0.8 gm. was recovered. 

The aminobenzyl ether of the Type III soluble specific substance 
was obtained as a yellow ash-free amorphous powder soluble in warm 
water, and in aqueous acetone (75 per cent). It has an optical rota- 
tion of —28.5°, an acid equivalent of 453 (calculated = 443.2), and a 
nitrogen content of 3.15 per cent (calculated = 3.16 per cent). The 
substance reacts with Tjqje III antipneumococcus serum in dilutions 
of 1 : 5,000,000. WHien weighed, dried samples of this amino compound 
arc dissolved in water, and then 2.2 equivalents of hydrochloric acid 
added, and the solution titrated at 0°C. with n/20 sodium nitrite, it 
is found that the derivative uses up exactly the theoretical quantity 
(calculated on the nitrogen basis) to form the diazonium derivative. 
Our first few preparations of the amino ether utilized only some 75 
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per cent of the theoretical quantity of nitrite when titrated. Later 
preparations, however, appeared to have all of the nitrogen in the 
amino form, for they utilized the theoretical quantity of nitrous acid. 

3. The Coupling of the Aminohenzyl Ether of the Soluble Specific 
Substaiice to Serum Globtilin 

250 mg. of the aminohenzyl ether soluble specific substance were dissolved in 
25 cc. of water. The solution was cooled to 0°C. and to it was added 2.2 mols of 
normal hydrochloric acid. To the opalescent solution was now added 1 mol of 
n/10 sodium nitrite. The solution was stirred for 20 minutes. Normal sodium 
hydroxide was then added very cautiously imtil the solution was just neutral to 
litmus paper. The solution of diazotized soluble substance was now poured into 
an alkaline solution of serum globulin, (prepared from normal horse serum by 
repeated precipitation with half saturation of ammonium sulfate) containing 800 
mg. of the latter dissolved in 30 cc. of n/2 sodium carbonate at 0°C. An orange 
color soon developed which deepened on standing, imtil finally, after 2 hours 
standing at 0°C., the presence of free diazonium body could no longer be demon- 
strated. The deeply colored solution was now acidified carefully by the addition 
of 10 per cent trichloracetic acid. A yellow precipitate separated, which w^as 
centrifuged at low speed. The supernatant liquid still contained relativel}-' large 
quantities of uncombined protein, and some free soluble substance. It was 
discarded. 

The precipitate was suspended in 30 cc, of salt solution and was brisklj’’ stirred 
for 30 minutes to break up any lumps which were present. As soon as a uniform 
suspension of the yellow precipitate was obtained, it was dissolved by the addition 
of x/10 sodium hydroxide. The fine particles swelled and gave what was appar- 
ently a solution, but a large amount of transparent orange j'elly could be centrifuged 
away from some of the true solution of the substance. However, instead of 
centrifuging and discarding this j’elly, the entire suspension was again acidified 
with a small amount of trichloracetic acid. The precipitate thus formed was again 
centrifuged and the clear supernatant liquid was tested for the presence of spe- 
cifically reacting pol^^saccharide. Solution and reprecipitation were repeated 
until no more reactive polj'saccharidc could be found in the supernatant liquid. 
This required, in all, about three precipitations. 

The final precipitate was now suspended in 30 cc. of 0.9 per cent salt solu- 
tion containing 0.25 per cent tricresol; x/10 sodium hydroxide was added until 
the mixture was vcr\* faintly alkaline to litmus, but not alkaline to phcnolphtlialcin. 
Most of the compound went into solution, a small amount still remained in suspen- 
sion as a jelly-like conglomerate. The mixture was diluted to 150 cc. with 0.25 
per cent tricresol salt solution and was used for immunization purposes. 

The conj’oincd carbohydrate-protein reacted with T> 7 >c III anti- 
pneumococcus scrum in dilutions of 1:500,000. When the precipi- 
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tate thus formed was separated by centrifugation, it was found to be 
colored yellow, and when it was dissolved in alkali, an orange solution 
was obtained. This was an indication that the specific polysaccharide 
actually is bound to the protein by way of the chromophoric linkage 
— N=N — and that when the specific part of the protein-carbohydrate 
complex reacts with pneumococcus antibody, the complex precipitates 
in ioio. The carbohydrate-protein was found to contain 13 per cent 
of sugar, calculated as glucose. Tliis is in fair agreement with tlie 
amount of bound polysaccharide calculated from the reactivity of the 
carbohydrate derivative with pneumococcus antiserum, i.c. roughly 
10 per cent, since tlie sensitivity of this reaction is 1 : 5,000,000. This 
polysaccharide-protein complex has been used to immunize animals. 
The results of the immunological studies are presented in the follow- 
ing paper. 


SUMMARY 

1. The ^-amino and />-nitromonobenzyl ethers of tlie specific poly- 
saccliaride of Type III Pneumococcus have been prepared. 

2. The diazonium ether of the specific polysaccharide has been 
coupled with serum globulin to yield a specific polysaccharide-protein 
complex and this complex has been used for immunization. The re- 
sults of the immunological studies are presented in tlie following paper. 
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The fundamental studies of Landsteine'r and his coworkers (1) on 
complex antigens have established the important principle that the 
introduction into the protein molecule of a simple non-protein radical 
confers a new immunological specificity on the antigenic compound. 
Furthermore, this newly acquired specificity has been shown to depend 
upon the nature of the new chemical grouping thus introduced. 

Previous studies from this laboratory (2) on the chemo-immunologi- 
cal properties of '^synthetic antigens,” prepared by combining a simple 
carbohydrate radical with protein, have showm that the specificity 
of the newly formed compounds is determined in each instance by the 
chemical individuality of the reactive carbohydrate, irrespective of 
the protein to which it is attached. Simple derivatives of glucose 
and galactose, wdiich by themselves are non-antigenic vill, when 
coupled to a common protein, stimulate the formation of antibodies 
that are specific for the particular sugar used. Antisera, produced 
by immunization with the conjugated sugar-proteins, invariably re- 
flect the controlling influence of the carbohydrate on the specificity 
of the whole antigen. So sensitive is this chcmo-specific effect, that 
mere differences in the spatial arrangement of the groups on a single 
carbon atom in two glucosides otherwise identical, were found suffici- 
ent to change completely the antigenic specificity of the respective 
compounds. 

In order to test the possibility of synthesizing a specific antigen bv 
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combining a bacterial carboh 3 ’^drate with a foreign protein, the specific 
capsular polysaccharide of Type III Pneumococcus was purposely 
chosen, since in its purified form it contains no nitrogen and may be 
regarded as a definite chemical entity. Further, if results were ob- 
tained by the use of tliis particular bacterial polysaccharide, they 
would be the more significant, since the isolated pure substance alone 
has never been found to elicit antibodies in rabbits, and even the in- 
tact bacterial cells from which it is derived commonly fail to incite 
the formation of type-specific antibodies in these animals. 

From a chemical point of view, the difirculty lay in synthesizing 
the appropriate derivative of the capsular polysaccharide. It must 
be one capable of coupling with protein on diazotization and one in 
wliich the chemo-specific groups of the bacterial sugar are not masked 
or destroj’^ed in its preparation. The details of the chemical methods 
used in the synthesis of the aminobenzjd ether of the capsular poly- 
saccharide of T}"pe III Pneumococcus have been described in the pre- 
ceding paper (3). The diazonium derivative of the polysaccharide 
was coupled with globulin prepared from horse serum, and the newly 
formed compound was tested for antigenicity by repeated intravenous 
injection in rabbits. The sera of the immunized animals were tested 
for the presence of U^pe-specific agglutinins and protective antibodies 
against encapsulated, virulent strains of Tj^pe III Pneumococcus and 
for precipitins against the type-specific capsular polysaccharide and 
its aminobenzyl derivative. The treated rabbits were subsequently 
infected with a rabbit-virulent strain of Type III Pneumococcus to 
determine whether, as a result of immunization, they had acquired 
active immunity against Tj'pe III infection. 

In evaluating the immunological findings presented in this paper, 
the fact should be borne in mind that the antigen used in the experi- 
ments has in common with the T^'pe III Pneumococcus only the spe- 
cific capsular polysaccharide, and that the protein with which it is con- 
jugated is of widely remote biological origin. 


E.XPEREMENTAL 

Methods 

R.ibbit? v.xrc immunized by the intravenous injection of from 
1 to 2 cc. of solutions of the conjugated c.arbohydratc-protcin antigen daily for 
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six doses, and the course of injections was repeated a second time after a rest pe- 
riod of 7 days. 8 days after the last injection the rabbits were bled and the serum 
tested for type-specific pneumococcus antibodies. 

Antigen . — ^The antigen, prepared as described in the preceding paper, was pre- 
served by the addition of 0.25 per cent tricresol. Each preparation was standard- 
ized on the basis of nitrogen content, so that 1 cc. of the solution contained 5 mg. 
of protein. This method, however, does not indicate the amount of bound car- 
bohydrate and hence is not an accurate measure of the effective antigenic com- 
plex. The protein, to which the aminobenzyl ether derivative of Type III poly- 
saccharide was bound by the diazo reaction, was globulin prepared from horse 
senim by precipitation with ammonium sulfate. 

Technic oj Imvnmity Reactions . — In the precipitin reactions, the immune serum 
was diluted in the proportion of two parts of serum to three of salt solution and 
0.5 cc. of this dilution containing 0.2 cc, of original serum was added to 0.5 cc, of 
varying dilutions of reacting substance. The final concentration of precipitino- 
gen in the reaction mixture is shown in the protocols. The protection tests were 
done by the usual technic; mice were injected intraperitoneally with 0.2 cc. im- 
mime serum together with varying dilutions of an actively growing culture of 
Pneumococcus. The dilutions were so made that the total volume injected was 
1 cc. in all instances. 

/. Type-Specific Antipneumococcus Antibodies 

1. Precipitins . — The sera of rabbits immunized with the. Type III 
“synthetic antigen” were tested for the presence of precipitins for the 
original capsular polysaccharide and for the aminobenzjd ether deriv- 
ative used in preparing the antigen. The introduction of the para- 
aminobenzyl radical into the polysaccharide molecule did not destroy 
the immunological specificity of the derivative, since the latter reacted 
with T>T>e III antipneumococcus horse serum in high dilutions, 
sho\^^ng a specific reactivity comparable to that of the original poly- 
saccharide from which it was derived. It was of interest, therefore, to 
determine whether this specific carbohydrate derivative, when bound 
with protein, would stimulate the formation of predpitins reactive 
not only with the amino derivative but also mlh the poh'saccharidc 
itself, when both substances were used in the free, soluble form. 

The precipitin reactions of immune rabbit scrum with the original 
and modified form of the Tjpe III capsular polysaccharide arc com- 
pared in Table I. The results show that the serum of a rabbit im- 
munized with the ‘‘synthetic antigen” reacts with the native polysac- 
charide and with its aminobenzyl ether in equally liieh dilutions. 
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Similarly, as previously pointed out, the serum of a horse immunized 
with the intact bacterial cells containing the natural Type III antigen 
precipitates the polysaccharide derivative as well as it does the poly- 
saccharide itself. The evidence is, therefore, that the specifically 
reactive groups of the polysaccharide have not been chemically masked 
in forming the new derivative, and that when this specifically reactive 
carbohydrate is chemically bound with protein to form a new antigen, 
it orients the immune response as specifically as does the polj’^saccha- 
ride itself in the form in which it exists as a natural antigen in the en- 
capsulated cells. 


TABLE I 


Prccipilins for the Capsular Polysaccharide of Type III Pneumococcus in Scrum 
of Rabbits Immunized with Type III Synthetic Antigen 


Dilution of carbohydrate 

Purified preparation of Type III 
polysaccharide 

Aminobenzyl ether of T 3 ’pc III 
polj^saccharide 

1:100,000 

++± 

+++ 

1:200,000 

+-h+ 


1:400,000 

-t-h± 

+++ 

1:800,000 


+ 

1:1,600,000 

-h 



+ = complete precipitation with comp.'ict disc. 

+ + = diffuse turbidity. 

-J- = slight turbidity. 


2. Agglutinins . — The sera of rabbits, prepared by serial injections 
of the chemically combined antigen, specifically agglutinate encapsu- 
lated strains of Type III pneumococci. 

The results of the agglutination reactions, as illustrated in Table 
II, show that while the litre of agglutinins is not high, the serum is 
type-specific in that it agglutinates only Type III pneumococci, and 
fails to react with organisms of Type I and Type II. The fact that 
the immune scrum does not agglutinate the non-encapsulated R forms 
of Pneumococcus was to be expected, since the antigen contains none 
of the somatic constituents commonly present in all pneumococci. 
The lack of these cellular substances in the artificial antigen is reflected 
in the serum by the absence of the species-specific antibodies, which 
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are ordinarily present when the whole cell is used as the immunizing 
agent. 


TABLE n 


Specificity of Agglutination Reaction with Serum of Rabbit Immunized with Type 

III Synthetic Antigen 


Pneumococcus 

‘ Immune scrum 

1:5 

1:10 

1:20 

1:40 

enmnn 

— 

— 

— 

— 


— 

— 

— 

— 

Type m 

H — 1 — ! — \~ 

+++ 

+ 


“R” strain* 

— 

— 

— 

— 


+ + + + = complete agglutination with disc formation. 
— = no reaction. 

* Derived from Pneumococcus Type II. 


TABLE III 


Protective Action in Mice of Sera of Rabbits Immimizcd with Type III Synthetic 

Antigen 


Pneumococcus 
Type III 


Immune rabbit, sera (0.2 cc.) 


i 

i 

Virulence 

controls 

(«) 

(b) 


ic) 


(d) 

No scrum 

o 

b 



D 22 

D22 

D 7 

D24 


0.001 

_ _ 

_ 

S 

S 

S 

S 

— 

0.0001 

s s 

s s 

S 

S 

s 

s 

— 

0.00001 

s s 

s s 

S 

S 

s 

S 

— 

0.000001 

s s 

s s 

s 

s 1 

s 

S 

D42 D42 

0.0000001 

— — 

_ — 

— 

— 

— 

■ — 

D 42 D 45 

0.00000001 

_ — 

— — 

— 

- 



D 75 D 45 


S = suiA'ival. 

D «=* death of animal, the numeral indicates the number of hours elapsing before 
death. 


— » not done. 


o. Protective Ajitibodics * — To ascertain whether passive immunity 
against pneumococcus infection could be conferred on mice by the 
injection of the serum of a rabbit immunized with the artificial Tv'jve 
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III antigen, protection tests were carried out by the technic described. 
A constant amount of immune serum (0.2 cc.) was injected intraperi- 
toneally into mice together with varying quantities of a virulent cul- 
ture of Pneumococcus. 

The results given in Table III show that the immune rabbit sera 
were effective in protecting mice against 10~^ cc. of a virulent culture 


TABLE rv 

Type Specificity of Protective Antibodies in the Sera of Rabbits Immunized with 

Type III Synthetic Antigen 


Immune scrum 

1 

1 Amount of culture 

Pneumococcus 

Type I 

Type II 

Type III 

cc. 

cc. 


! 


0.2 

10-’ 

— 

1 

s s 

0.2 

10-“» 

D28 D28 

D2S D28 

s s 

0.2 

10-5 

D46 D28 

D28 D46 

s s 

0.2 i 

10-6 

D28 D46 

D28 D2S 

s s 

Virulence controls 

10-6 : 

D 46 

D 28 

D46 


10-7 

D 72 

D46 

D46 


10-8 

St 

D46tt 

D 46ttt 


S = survival. 

D = death of animal; the numeral indicates the number of hours elapsing 
before death. 

— = not done. 

t The number of colonics developing in blood agar seeded with this inoculum 

•= 0 . 

ft The number of colonics developing in blood agar seeded with this inoculum 
•= 3. 

ttt The number of colonies developing in blood agar seeded with this inoculum 

= 2 . 

of Type III Pneumococcus, of which 10"® cc. was invariably fatal 
when injected alone into untreated control animals. Although the 
ma.ximum degree of protection afforded by the serum was not high, 
the special interest of these c.xperimcnts lies in the fact that the pro- 
tective antibodies were produced in response to a combined antigen 
containing a specifically reactive carbohydrate which by itself fails 
to evoke any immune response in rabbits. 
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The specificity of the protective antibodies in the sera of rabbits 
immunized with the Type III synthetic antigen is shown in Table IV. 

The protective action of the immune serum is strictly type-specific. 
Mice receiving the immune serum survived infection with Type IH 
Pneumococcus, but succumbed promptly to minimum doses of Type 
I or Type II culture. The marked specificity of the protection af- 
forded by the serum is further evidence that the antibodies concerned 
in the reaction derive their specificity from the polysaccharide com- 
ponent of the whole antigen. The protein constituent of the antigen 
appears to contribute nothing to the antibacterial properties of the 
serum, except in so far as it renders the carbohydrate antigenic. 

4. Active Immunity . — Of the series of rabbits injected at various 
times with effective preparations of antigen, none have failed to 
respond with the formation of type-specific antibodies. It was of 
interest, therefore, to ascertain whether rabbits in the sera of which 
Type III Pneumococcus antibodies were demonstrable had acquired 
active immunity against infection with this organism. In order to 
determine this point, several of the treated animals were subsequently 
infected with, multiple lethal doses of a virulent culture of Type III 
Pneumococcus. 

11 days after the last injection of antigen, four immunized rabbits whose scrum 
contained type-specific antibodies were infected by the intradermal injection of 
0.2 cc. of an 18 hour blood broth culture of a rabbit-virulent strain of T>pe III 
Pneumococcus. The virulence of this strain, maintained by repeated rabbit 
passage, was such that 0.00001 cc. of the culture alone injected into the skin proved 
fatal within 72 hours. 

Four rabbits, which had received repeated injections of the ^^stmthctic 
antigen,” were reser\^ed and later tested for active immunity. All 
four of these rabbits survived infection. In the two animals \Yluch 
had the liighest titre of t}p)e-specific antibodies in their serum, the 
infection ran a practically afebrile course vnih only a slight inflam- 
matory reaction at the point of inoculation; in the other two rabbits, 
the temperature remained relatively low and tlie skin lesion was not 
severe. At no time during the course of the infection were pneumo- 
cocci present in cultures of the blood of the immunized rabbits, 
whereas in the normal controls the bacteremia invariably increased 
up to the time of death. 
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The results demonstrate that an antigen prepared by combining 
the Type III capsular polysaccharide with an animal protein is cap- 
able of inducing in rabbits an active immunity against infection nnth 
a virulent culture of Type III Pneumococcus. The only constituent 
of Pneumococcus in the artificial antigen is the capsular polysaccha- 
ride. Since this carbohydrate alone is non-antigenic in rabbits, the 
antibacterial immunity induced by the combined antigen can be 
ascribed only to the antigenicity acquired by the polysaccharide 
through combination with the foreign protein. The results bring 
evidence that an effective, active immunity can be developed in which 
the only antibacterial antibodies formed are those directed against 
the capsular component of the pneumococcus. 

II. Antiprotein Antibodies 

In the conjugated antigen, the protein used in combination with the 
Type III capsular polysaccharide was globulin derived from normal 
horse serum. The total protein of the antigen was estimated by de- 
termining the nitrogen content of the various preparations. This 
method of standardization, while affording a measure of the total 
globulin present, does not indicate the amount of protein that is bound 
with the polysaccharide to form the effective type-specific antigen. 
The sera of immune rabbits invariably contained not only type- 
specific antibodies for Type III Pneumococcus, but also specific 
precipitins for the globulin of horse serum. 

The presence in immune rabbit serum of precipitating antibodies 
for the foreign protein used in preparing the antigen is shown in 
Table V. The antiprotein precipitins evoked by the combined anti- 
gen may be attributed to one or both of two possibilities. In the first 
place, despite attempts to remove the excess of unbound globulin 
from solution, it is possible that sufficient protein remains free and 
uncombined with the polysaccharide to function independently as 
antigen. It is also possible, however, that even in the absence of any 
free globulin, the combined antigen itself may give rise to two quali- 
tatively different antibodies, each specifically related to the corre- 
sponding component of the antigenic complex. This explanation of 
the concurrence of two distinct varieties of antibodies in the im- 
mune scrum involves the assumption, that while the carbohydrate 
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has acquired antigenicity through combination with the globulin, the 
protein molecule itself has not lost its own specific antigenic property. 
According to this view, a single compound of carbohydrate and pro- 
tein may possess the dual antigenic property of stimulating two 
separate and specific antibodies; one evoked by the newly acquired 
antigenicity of the polysaccharide in union with globulin, and the other 
stimulated by the protein molecule itself in which the chemo-specific 
groups essential for antigenicity have not been masked in the linkage 
with the carbohydrate. 


TABLE V 


A7iiiglobtilm FrecipUms m Sera of Rabbits Immunized with Type III Synthetic 

Antigen 


Immune sera 

Globulin (horse serum)* 


1:20,000 

1:40,000 

1:80,000 

1:160,000 


+++ 

+++ 

+ 4 " 



+++± 

+++ 

++ 

4 - 


++++ 

+++± 


ri: 


++++ 

+++ 


4 - 

msM 

+++± 

++± 


db 


+ + = flocculent precipitation, clear supernatant. 

+ = slight, diffuse turbidity. 

• The diazonium derivative of the capsular polysaccharide of T3’pe III Pneu- 
mococcus was coupled with globulin from horse serum. 

Of the two explanations, the first, namely that the free globulin in 
the antigenic mixture accounts for the antiprotcin antibodies, is the 
simpler and perhaps the more likeh" one. However, the second con- 
cept, which ascribes a dual antigcnicit}" to the sugar-protein, affords 
an immunologicall}" interesting and thcoreticalh* possible axplanation. 

DISCUSSION 

In the present state of our knowledge it would be hazardous to pre- 
dict the precise conditions under which complex carbohydrates by 
themselves ma\^ function as antigens. The present study simplv 
defines certain experimental conditions under which the capsular 
polysaccharide of T\pe III Pneumococcus, in chemical union vrith a 
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foreign protein, is rendered specifically antigenic in a particular species 
of animals, in which the carbohydrate alone has never been found to 
incite antibody formation. The “synthetic antigen” elicits in rabbits 
a type-specific antipneumococcus response, which neither one of its 
constituents alone is capable of inciting when injected singly into 
these animals. 

In order to effect the chemical union, it was first necessary, to syn- 
thesize a derivative of the bacterial carbohydrate that could be diazo- 
tized and coupled to protein by means of the diazo linkage. This 
was accomplished by forming the aminobenzyl ether of the polysac- 
charide, a derivative which fulfills the chemical requirements wliile 
still retaining the serological specificity of the original carbohydrate. 

Antisera prepared by immvmization with the combined antigen con- 
tain type-specific antibodies which precipitate the Type III capsular 
polysaccharide, agglutinate pneiunococci of the homologous type, 
and protect mice against infection with virulent strains of Tj’-pe III 
Pneumococcus. The fact that, in the present instance, the antipneu- 
mococcus response is produced by an antigen known to contain but a 
single component of the bacterial cell, indicates the unity of the anti- 
bodies participating in the type-specific reactions of precipitation, ag- 
glutination, and protection, and relates the specificity of these anti- 
bodies to that of the capsular polysaccharide in the reactive part of 
the antigenic molecule. 


CONCLUSIONS 

1. Type-specific antipneumococcus immunity has been induced in 
rabbits by immunization with antigen prepared by combining a specific 
derivative of the capsular polysaccharide of Tj’pe III Pneumococcus 
with globulin from horse serum. 

2. Rabbits immunized with this antigen acquire active immunity 
against infection with virulent Type III pneumococci. 

3. The sera of the immune rabbits contain Upe-specific antibodies 
wluch precipitate the Type III capsular polysaccharide, agglutinate 
Type III pneumococci, and specifically protect mice against Type III 
infection. 

4. The experimental data are discussed with reference to: (1) the 
concurrence in the immune sera of type-specific antibodies for Pneu- 
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mococcus and precipitins for horse globulin; (2) the determining influ- 
ence of the capsular polysaccharide on the specificity of the antigen 
as a whole; (3) the unity of the type-specific precipitins, agglutinins, 
and protective antibodies induced by a single component of the pneu- 
mococcus in chemical union with an imrelated, animal protein. 
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SOME ULTRAVIOLET PHOTOMICROGRAPHS OF B. 

SUBTILIS 

By RALPH W. G. WYCKOFF, Ph.D., and ADRIAN L. TER LOIAV 
{From the Laboratories of The Rockefeller Institute for Medical Research) 

Plates 42 to 44 

(Received for publication, May 29, 1931) 

In the course of some studies being made with the ultraviolet micro- 
scope we have prepared photographs of B. sublilis wMch yield useful 
information concerning the internal structure of this bacterium and 
the way spores arise within it. 

Two bacterial strains were examined. One was non-sporulating 
and came from the Type Collection in Chicago; the other, which grew 
larger bacilli and readily produced spores in old cultures, was isolated 
in this laboratory. Before being photographed the living unstained 
cells were transferred to the surface of a thin layer of NaCl-agar spread 
upon a quartz slide. In this way they were fixed in position and kept 
stationary during exposure. 


Technique 

The microscope was a modification of the instrument designed by Barnard^ 
and manufactured by Begk. Its optical parts, as used in the present experiments, 
were, ho^Ycve^, quartz objectives and eyepieces by Zeiss. As their design requires, 
these objectives have been employed with light of wave length 2750 A. Desired 
objects arc found with the green line of the mercury arc; approximate focus in the 
ultraxdolet is then achieved by applying a precise but arbitrarily determined cor- 
rection, The focal plane is shallower with uItra\'iolct than with \*isiblc light and it 
is usually neccssaiy' to make a scries of exposures at different depths through a 
preparation. This has been done by taking photographs upon motion picture 
film. The small Lcica camera modified by removing its glass optical parts and 
giving it a very rigid support behind the eyepiece of the microscope is convenient 
for this purpose. Ordinary positive film gives excellent rcsults-^it is sufficiently 


^ Barnard, J. E., Lauect^ 1925, 2, 117. 

• 7“59 
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rapid in the ultra\dolet and its fine grain permits very satisfactory enlargements. 
The accompan}dng photographs have thus been made, the objective being the 
standard Zeiss 1.70 mm. glycerine immersion monochromat. Exposure times 
varied from J to 3 seconds. 

Ultraviolet microscopy has two outstanding advantages over that 
using visible light. One resides in the greater resolving power which is 
a consequence of the short wave length; the other arises from the fact 
that, since some proteins absorb in the ultraviolet more strongly than 
others, it is often possible to see detail in living and unstained cells. 
Both of these advantages are realized in the accompanying pictures. 
The first figure, of a 5 hour culture on agar, makes it clear that 
young and rapidly growing cells contain no observable structures. In 
older cultures of both the non-sporing and the sporing lines cells 
become granulated (Figs. 3-6) . At first these granules are few in num- 
ber and small. Very old bacilli, however, are often filled with inclu- 
sions of all sizes (Fig. 2). It is important to notice that in none of 
these photographs is there any indication of formed nuclei. 

Especially interesting is the evidence bearing upon spore production. 
These bodies are intensely absorbing (Figs. 2-5) and many stages in 
their development can therefore be seen directly. They do not arise 
through the gradual accumulation and merging together of the refrac- 
tile granules or of any preexisting cell bodies that have strong ultra- 
violet absorption. Instead', at the first appearance they have their 
final size and shape. In initial stages they are only faintly absorbing 
but as they develop this absorption becomes progressively greater 
(Fig. 4) . Cells containing mature spores are approximately as opaque 
as other bacteria. This suggests that spores when fully formed are not 
a mere condensate of a bacterium’s protoplasmic or chromatin content. 

There are three frequently expressed views concerning the origin of 
spores.- According to one they arise after a nuclear division which 
has partitioned the chromatin between a spore-anlage and the cell 
nucleus. Other investigators have described them as resulting from 
the coalescence of chromatin granules which in more recent work are 
definitely associated with nuclei thought to be present. It is apparent 

- See for example Gotschlich, E., in Kolle, W., Kraus, R,, and Uhlenhuth, P., 
Handbuch der pathopenen Mikroorganismen, Jena, Gustav Fischer, and Berlin 
and Vienna, Urban and Schwarzenberg, ord edition, 1929, 1,33. 
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that the spores of B. siibiilis do not have the small beginnings required 
by this hypothesis. A third idea makes spores the result of a more or 
less gradual concentration of cell substance. Some have thought that 
this concentration was in the main a dehydration succeeded by the 
infiltration of lipoids. In its broad outlines such an h3qDothesis is not in- 
compatible with our photographs. At present ultraviolet microscopy 
is obviously unable to interpret chemical changes that may take place 
but nevertheless pictures such as Fig. 4 seem to demand a mecha- 
nism more elaborate than mere dehydration. 

EXPLANATION OF PLATES 

Plate 42 

Fig. 1. A young culture of B, subiilis growing on agar, photographed 5 hours 
after inoculation and 10 minutes after being covered with quartz. 3300 X . 

Fig. 2. Cells from a 6 day agar culture transferred to a film of fresh nutrient 
agar just before being photographed. The large inclusions present in the degener- 
ating cells can easily be seen. 2500 X. 

Plate 43 

Fig. 3. Cells of a 31 hour old culture of non-sporulating B. sub!ilis growing on 
agar. The inclusions present in nearly every cell are clearly visible. 3500 X. 

Fig. 4. Cells from a 20 hour culture of spore-forming B. subtilis. The bacteria 
were transferred to a film of pure agar immediately before being photographed. 
Different cells contain spores in all stages of development (and of corresponding 
opacity). 3500 X. 

Plate 44 

Fig, 5. Bacteria from a 24 hour culture of sporulating B. sttbfilis grown on agar. 
They were transferred before being photographed to a film of 2 per cent agar in 
0.85 per cent NaCl on a quartz slide. It wdll be noticed in this and the preceding 
picture that, though spores do not grow from granules, cells containing mature or 
developing spores are relatively free from inclusions. 3500 X. 

Fig. 6. The same field as the preceding but with the focal plane slightly above 
that of the bacteria. 3500 X. 
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CULTIVATION OF VACCINE VIRUS FOR JENNERIAN 
PROPHYLAXIS IN MAN 

By T. M. RI\^RS, M.D. 

With the Technical Assistance of S. iM. Ward 
(Fmn the Hospital of The Rockefeller Institute for Medical Research) 

Plates 45 to 47 

(Received for publication, June 15, 1931) 

In a previous communication (1) a simple medium for the cultivation 
of vaccine virus was described. The results of the work reported at 
that time clearly indicate that vaccine virus is capable of multiplica- 
tion in the presence of minced chick embryo tissue suspended in Ty- 
rodeos solution. The experiments, however, were conducted with a 
neurovaccine virus, and, although the active agent engendered in cul- 
tures caused typical vaccinal lesions in rabbits, it was deemed best 
not to test it in human beings. To obtain a culture virus for Jennerian 
prophylaxis in man, it seemed advisable to adapt a dermal strain of 
vaccine virus to our method of cultivation. The present paper deals 
with the results of this work. 

Methods and Materials 

Virus , — Vaccine wnis, Lot 611, prepared by the New York City Board of 
Health was used to initiate the cultures. In a letter to me, the original source of 
the virus is described by Mr. Chas. R. Tyler. 

“Regarding the history of our strain of vaccine virus: the following statement appears 
in the Yearly Report of the New York City Board of Health for 1874-75. 

*Wc began vaccinating with virus of the same slock as that which had been supplied 
by the late Dr. I-oincs of tlic Eastern Dispensary' and myself for about 5 years and which 
had been used and sold by him for about 20 years previously. This virus was originally 
obtained from England by Dr. Loincs and in all probability was descended from the stock 
furnished by jenner. As it always developed characteristic Jennerian vesicles and as it 
always tlioroughly protected from smallpox those upon whom it was used, Dr. Ivoines never 
thought favorably of employing any other.* 

‘‘Ihc same strain of virus has been in use since the lime of this reporL Tl.e virus has 
been *humani.*cd* at various times, usu.ally from one to three rimes yearly.*’ 
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Tissues , — Embryonic tissue was obtained from eggs, incubated 9 to 12 days, 
that had been opened according to the method of Carrel and Rivers (2) or that 
of Eagles and McClean (3). If the embr 3 '^os were contaminated by yolk, they were 
thoroughly washed in sterile Tyrode^s solution before being minced. Further- 
more, the eyes were removed, because the pigment granules contained in them often 
led to confusion when smears were made to determine the sterility of the cultures. 
Finally, the embryos were placed in a sterile watchglass contained in a Petri dish, 
finely minced with scissors, and then distributed in proper amounts into flasks 
by means of a pipette. 

Tyrodc^s Solution, — Tyrode^s solution prepared according to the following 
formula and sterilized by filtration was used; NaCI, 8 gm.; KCI, 0.2 gm.; CaCk, 
0.2 gm.; MgCls, 0.1 gm.; NaH 2 P 04 , 0.05 gm.; NaHCOs, 1.0 gm.; glucose, 1.0 gm.; 
water q,s, 1000 cc. During the preparation and filtration of the solution, CO 2 
is liberated, and the pH is found to be between 8.0 and 8.4. When living tissue 
is added to the solution, however, CO 2 is supplied by it and the pH becomes less 
alkaline reaching a point compatible udth the survival of the embi 3 ’’onic tissue and 
the multiplication of the virus. 

Containers, — Containers for the production of vaccine virus in large amounts 
must be of sufficient size and easy to handle. Furthermore, they must permit 
aeration and prevent contaminations and evaporation. Flasks (collar flasks) 
designed to meet these requirements were described in a previous paper (1) and 
have been found to be satisfactory for this work. Two sizes have been used, one 
with approximately the dimensions of a 50 cc. Erlenmeyer flask, the other with 
approximately the volume of a 250 cc. Erlenmeyer flask. In the small container 
5 cc. of medium were placed, while in the large one 15 cc. were used. Such small 
amounts were placed in each flask in order to have the medium distributed as a 
thin layer. In case collar flasks cannot be obtained, 50 cc. and 250 cc. Erlen- 
me^xr flasks make good substitutes. All glassware used in this tjq^e of work 
should be made of an alkali-free resistant glass, e.g., pyrex. 

Preparation of Cultures, — Approximately 1 gm. of minced chick embryo tissue 
to each 5 cc. of T^Todc’s solution was used. Proper amounts of tissue suspended 
in its v’'ehiclc were distributed in flasks. The medium was then inoculated with 
0.25 cc. of virus emulsion, the mouth of each flask containing its cotton plug was 
securely covered with several layers of tin-foil, and the cultures were incubated 
at 37°C. for 5 days. New cultures were made by direct transfer of 0.25 cc. of an 
old culture into flasks of fresh medium. In this simple manner, vaccine virus 
can be propagated through an indefinite number of culture generations. One 
should be careful not to use too much tissue for a given amount of TjTodc’s solu- 
tion, inasmxich as it appears that an optimum ratio between tissue and fluid exists 
for the maximal multiplication of virus. 

Tests for Sterility of the Cultures, — Early in the work, the medium was tested 
for sterility before it was inoculated with virus. During the interval (48 hours), 
the prepared flasks were stored at +5°C. Later these preliminary tests were 
omitted to advantage. Two separate batches of media were prepared for each 
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transfer in order to escape the possibility of having the work delayed by bacterial 
contaminations. After the cultures had been incubated for 3 days, a small 
amount of material was removed from each one and seeded in broth tubes and on 
blood agar plates. After the virus cultures had been incubated for 5 days, smears 
from each one were prepared, stained, and examined for bacteria. The material 
in the flasks that was found by cultural tests and smears to be free from bacteria 
was used for transfers and animal inoculations. Numerous flasks have been 
handled in the manner described above and only 1 in 12 became contaminated 
with bacteria. 

Tests for Potency of Virus , — Cultures for titration were ground in sterile mor- 
tars, and then appropriate dilutions were made with Locke's solution. A fresh 
pipette was always used for each successive dilution. 0.25 cc, of each dilution 
were injected into the shaved skin or were smeared on the scarified shaved skin 
of rabbits. In addition to rabbits, monkeys and human volunteers were em- 
ployed for the potency tests of the virus. 

Preseroaiion of the Virus , — Many workers have stated that culture virus is 
difficult to preserve. This is true of viruses cultivated in certain kinds of media. 
It must be borne in mind, however, that no vaccine virus keeps indefinitely above 
0°C. Furthermore, when glycerol is used, care must be exercised in selecting one 
that will not inactivate the virus. Merck's (P-W-R Anal^^tical Chemicals) 
glycerol has been found suitable for this work. 

EXPERIMENTAL 

The vaccine virus distributed by the New York City Board of 
Health is prepared on calves, ripened in glycerol at about 
and then treated with brilliant green. The bacterial count in such 
material is low. Indeed, at times, the virus seems to be entirely free 
from viable microorganisms. A specimen from Lot 611 was obtained 
from the Board of Health Laboratories, and with it cultures were 
initiated. At first it appeared that we had been fortunate enough to 
obtain a virus free from bacteria, but soon it was discovered that a 
very slow-growing dipthcroid was present as a contaminant. Con- 
sequently we were faced with the problem of how to rid the virus cul- 
tures of the bacteria. Filtration was first considered as a means of 
accomplishing this, but it was not attempted because vaccine virus 
filters with difficulty. Then we decided to tr^' passage through rab- 
bits in the following manner. 

Rabbit 1 received in each testicle 1 cc. of a culture containing diphtheroids and 
\’acdnc \*irus. 4 days later the testicles were removed .and emuhified withT-od.c‘s 
solution. 1 cc. of the emulsion w.as injected into each testicle of Rabbit 2. After 
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New York City Board of Health Vaccine Vipus *611 

I 
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R2 

I 

R3 
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C5f glycerol) J.W inoculated with 
L glycerolated material 

C6 TinR>M0'® 

C7 T in R >1:10“® 

pl/TinR 140''^ 
j [TTonkcys inoculated 

C9 TinR>140‘® 

P,n[TinR 140“^ 

J.W. inoculated 

f I in R >140'® 

Cll < Monkeys inoculated 

[L.G. inoculated, IS. inoculated 


C12 

I 

TinR 

140''' 

1 

C13 

I 

T inR 

140'® 

1 

C14 

1 

TinR 

140'® 

1 

C15 

TinR 

140'® 


Tkxt-Fig. I. Summnn* of experiments in which a dermal strain of vaccine 
vims was adapted to a culture medium consisting of minced chick embr>'0 sus- 
pended in Tyrode’s solution. T in R = titer in rabbit. 
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a lapse of 4 days, blood (4) was removed^ aseptically from the heart of Rabbit 
2 and immediately injected in 1 cc. amounts into the testicles of Rabbit 3. This 
animal developed fever on the 4th day, and small hard nodules were felt in the 
testicles. At this time the testicles were removed and emulsified with Lockers 
solution. 1 cc. of the emulsion was inoculated in each testicle of Rabbit 4. After 
4 days these testicles were removed and ground in a mortar without sand. Ap- 
proximately 20 cc. of Tyrode^s solution were thoroughly mixed with the macerated 
tissue. The emulsion was tested for the presence of bacteria and was found to 
be sterile. Then small amounts (0.25 cc.) of the supernatant material from a 
centrifuged specimen of the emulsion were used to initiate a series of virus cultures 
(see Text-fig, 1). 

' Having rid the dermal vaccine virus of bacteria it remained for us 
to determine whether it was possible to adapt such a strain to our 
method of cultivation. Proceeding in the manner described above, 
we have been able to carry the virus through an uninterrupted series 
of 15 culture generations (Text-fig, 1), and there is no reason to sup- 
pose that it cannot be cultivated indefinitely. The records of the 
titrations of the virus shown in Text-fig. 1’ leave no room for doubt 
concerning the multiplication of the active agent. Fiurthermore, fresh 
cultures have been initiated with glycerolated material (Text-fig. 1) 
stored for 30 days at -f2.5°C. Such facts make it evident that vac- 
cine virus is capable of indefinite propagation in cultures without the 

intervention of animal passage. 

* 

Rcadions in Animals 

It has been shown that a dermal strain of vaccine virus is capable 
of multiplication in a medium consisting of minced chick embr 3'0 
suspended in Tyrode’s solution. The question as to whether the 
virus has been altered by such treatment naturally arises. To inves- 
tigate this matter, rabbits and monkeys were cmploj'cd. 

Material from each set of cultures, with the exception of the 1st, has been tested 
by inlradcrmal inoculations in the shaved skin of rabbits. The reactions caused by 
the \*irus have not been altered through the process of cuIti\'ation,and have ahv.iys 
been similar to those produced by a potent strain of \'accinc %rirus unas^ociated 
with bacteria. This fact is illustrated by Fig. 1 that portrays lesions follov.ing 
inlradcrmal injections of different dilutions of a culture in the 14lh generation. 
In addition to inlradcrmal injections, inoculations on the scarified shaved skin of 

' All operations were performed under ether anesthesia. 
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rabbits have been made from time to time. Following such inoculations, typical 
vaccinal lesions unassociated with hemorrhage and necrosis developed. Fig. 2 
represents lesions produced by different dilutions of a culture in the 6th generation. 
Finally, it has been shown that the culture vims smeared on the scarified skin of 
monkeys {Macacns rhesus) induces typical vaccinal lesions that heal rapidly 
without resultant injury to the animals. 

From the above experiments it is obvious that the culture virus 
caused typical vaccinal lesions in animals. We then became inter- 
ested in determining \Yhether the active agent had undergone im- 
munological changes. Consequently the following cross immunity 
experiments were performed. 

Rabbits inoculated respectively with vims from the 6th, 8th, 10th, and 11th 
culture generations were allowed to recover. Then, the}^ and 2 normal stock 
rabbits were inoculated with New York Cit}'' Board of Health vaccine vims, Lot 
617. The recovered animals were refractor}^ while the normal ones developed 
typical vaccinal lesions. 

The above experiment indicates that repeated cultivation of the 
virus in a medium consisting of minced chick embryo suspended in 
Tyrode^s solution did not alter its antigenic properties. 

Reactions in Human Volunteers 

Not infrequently we receive requests for vaccination against small- 
pox. Since there was no valid reason for not using the culture virus 
in human beings, we decided, with the consent of the patients or of 
their parents, to substitute in certain instances the culture vaccine 
for calf lymph. The results obtained in 3 children are detailed below. 

J. W., aged 2 years, May 2, was vaccinated at 2 points on the outer surface of 
the upper left arm. The superior inoculation was made with material from a 5th- 
generation culture that had been preser\Td in 50 per cent gbxerol at -f-2.5°C. 
for 28 days. The inferior inoculation was made with material from a lOth-genera- 
tion culture that had been prcscr\’cd in SO per cent glycerol at +2.5°C. for 2 days. 
The method of vaccination consisted of a small amount of the vims being smeared 
over an area of skin previously superficially scarified. May 3, superficial marks at 
points of inoculation, ^^ay 4^ no change. May 5, 9;00 a.m., both lesions, the 
lower slightly more than the upper, show some swelling and elevation. 2:30 
p.m., there have appeared, particularly over the area of the lower inoculation, 
crops of small vesicles (Fig. 3). No fever. May 6, lesions well developed. Both 
arc small, the upper being about 0.5 cm. in diameter, the lower about 1.0 cm. (Fig. 
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4) . Temperature rose to 101.2°F. May 7, lesions have increased in diameter (Fig. 

5) . Temperature rose to 101 .6°F. May 8, lesions are still increasing in size and 
are now pustular (Fig. 6). Temperature rose to 102°F. Further development of 
the lesions not observed, because the child had to leave town with its parents. 

L. G., aged 22 months, May 2/, was vaccinated at one point on the outer sur- 
face of upper left arm with material from an llth-generation culture that had been 
preserved in 50 per cent glycerol at -f2.5®C. for 11 days. May 12, no evidence of 
inflammation. May 13, vaccinated area red but not elevated (Fig. 11), May 
14, at point of inoculation, there is a red papule (Fig. 12). May 15, several small 
vesicles have appeared (Fig. 13). May 16, vesicles have coalesced and are be- 
ginning to be pustular. Narrow primary areola is present (Fig. 14). May 17, 
lesion somewhat larger, no induration, no fever. May 18, lesion has increased in 
size and is beginning to dry in center (Fig. 15) ; no fever. May 19, pustule larger 
(Fig. 16), no induration, no fever. May 20, pustule larger, drying; secondary 
areola 3 mm. in width; slight amount of induration (Fig. 17), Temperature rose 
to 100.4®F. May 21, pustule drying, secondary areola 4 mm. in width, indura- 
tion more marked (Fig. 18). Temperature 100.0®F. May 22, secondary" areola 
1 cm. in diameter, induration more marked (Fig. 19); no fever. Patient was rcin- 
oculated on right arm with New York City Board of Health vaccine virus, Lot 
617. May 23, primary vaccination: secondary areola has almost disappeared, 
induration less (Fig. 20). Secondary vaccination: skin at point of inoculation 
red. No fever. May 25, primarj'' vaccination: lesion covered by dr)*^ scab; 
secondary areola and induration no longer present (Fig. 21). Secondar>^ vaccina- 
tion: slightly red. May 26, primarj^ vaccination: only a dry scab remains. 
Secondary vaccination: negative. May 28, primar^’^ vaccination: the scab will 
drop off in a few days (Fig. 22), Secondary’’ vaccination; negative. Patient in 
excellent condition and discharged from the hospital. The \drus with which this 
patient was reinoculated was shown to be potent by a successful vaccination of a 
normal person. Thus, the lack of response to the secondary inoculation indicates 
that a state of immunity had been induced by the primar>’ vaccination. 

After it had been demonstrated that the culture virus produces 
without danger a typical vaccinia in man and that it induces an im- 
munity against calf l}Tnph, wc decided, in view of the fact that the 
culture vaccine seemed to possess a greater potency than does or- 
dinarj' calf lymph, to compare the action of the two kinds of activ'c 
agent. 

M. S., aged 11 months, and J. S., aged 22 months, were vaccinated; the former 
with New York City Board of Health virus, Lot 617, that had been stored in 50 
per cent glycerol below 0"C. for more than a year, the latter with varus from an 
lllh-gcncration culture that had been preserved in 50 percent glycerol at 2.5‘C, 
for 21 days. Tx-plcal v^aednia developed in l>oth children who £ho\^ed no evi- 
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dences of illness except a local reaction and a slight elevation of temperature, 
101. 5°F. Certain differences, however, were noted in the course of the infection 
in the 2 patients, viz., the child who was inoculated with the culture virus had a 
more prolonged febrile reaction and developed more redness and induration asso- 
ciated with a few secondary vesicles around the vaccinal pustule than did the 
infant who received the calf lymph (Figs. 7 to 10). 

The experiment just described and others that will not be presented 
at this time indicate that the culture virus is very potent. The fact 
that fresh culture vaccine produces considerable reaction is not sur- 
prising, inasmuch as it has long been known that a “green” virus is 
more likely to give rise to redness, induration, and secondary vesicles 
than is one properly aged. Therefore, the culture virus should be 
allowed to ripen before it is used for vaccination of human beings. 

DISCUSSION 

The medium employed for the in vitro cultivation of vaccine virus is 
exceedingly simple, but one must remember that it contains living 
cells. In spite of recent reports (5) to the contrary, no one has 
definitely shown (6, 7) that vaccine virus is capable of puUulation in 
the absence of surviving susceptible cells. 

Several kinds of media have been devised for the production of 
vaccine virus. The one described in this p'aper, howeyer, is the best 
of the lot already proposed, because, inasmuch as neither serum nor 
plasma is used and since the tissue consists of minced cliick embryo, 
it is the least likely to become contaminated by an extraneous virus 
injurious to man. Furtliermore, the virus produced in this manner 
remains potent in 50 per cent glycerol at -{-2.5°C. for at least a month, 
hlore information, however, concerning the length of time the cul- 
ture vaccine remains active under a variety of conditions should be 
obtained and to this end experiments are now being conducted. 

SUMMARY 

1. A dermal strain of vaccine virus has been adapted to a simple 
culture medium consisting of minced chick embejm suspended in 
Tyrode’s solution. 

2. The bacteria-free culture xirus, thus obtained, produces in lower 
animals and in man typical vaccinia that renders them rcfractoiy to 
infection with ordinary vaccine virus harvested from calves. 
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explanation of plates 

Plate 45 

Fig. 1. Lesions produced in a rabbit by intradermal inoculations (0.25 cc.) 
of 10“^, 10“^, 10“^, 10“^, and 10“^ dilutions, respectively, of a 14th-generation 
culture of vaccine virus. X 1 . 

Fig. 2. Lesions induced in a rabbit by different dilutions (undiluted, 10~^, 
10'2, 10“^, 10“^) of a Gth'generation culture of vaccine virus. X 1. 

Plate 46 

Figs. 3 to 6. 3rd-, 4th-, 5th-, and 6th-day vaccinal lesions, respectively, pro- 
duced in J. W. by culture virus: the upper resulted from an inoculation of a 5th- 
generation culture, the lower from an infection with a lOth-generation culturc- 
X 1. 

Figs. 7, 9. 6th- and 9th-day vaccinal lesions, respectively, produced in M. S. 
by New York City Board of Health virus, Lot 617. Compare with Figs. 8 and 
10. X 1. 

Figs. 8, 10. 6th- and 9th -day vaccinal lesions, respectively, induced in J. S. 
by an 1 1 th-gencration culture. Comparison of these reactions with those in 
Figs. 7 and 9 shows that the culture vaccine, only 21 days old, caused more red- 
ness and sccondan” vesicles than did the City Board of Health virus that had been 
aged for more than a year. X 1 . 


Plate 47 

Figs. 11 to 22. 2nd-, 3rd-, 4th-, 5ih-, 7th-, Sth-, 9th-, lOth-, 1 1th-, 12th., 
13t]i-, and 18th-day vaccinal lesions, respectively, produced in L. G. by a 10th- 
generation culture. The photographs portray the complete evolution of a vac- 
cinal lesion induced in man by a dermal strain of virus adapted to in xiiro culti\-a- 
lion, X 1. 
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SPECIFICITY OF THE PRECIPITIN REACTION IN TOBACCO 

MOSAIC DISEASE* 

By HELEN PURDY BEALE, Ph,D. 
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Inc,, Yonkers) 
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The results of previous investigations by the writer (Purdy, 1928, 1929) have 
shown that when rabbits receive a series of injections of saline extracts.of leaves 
from tobacco plants affected with the filterable virus of common field mosaic 
disease, the serum of these animals forms a heavy precipitate when imxed with 
virus extract and incubated for a suitable period. No precipitate occurs, however, 
when the virus extract is added to serum drawn from a rabbit prior to injection 
of the plant j‘uice. It has been shown further that precipitins for leaf extracts of 
normal tobacco plants can also be produced in rabbits by the same method of 
hyperimmunization. Senrni from animals inj'ected with juice from normal tobacco 
leaves forms a precipitate upon the addition of extracts of either normal or diseased 
tobacco; antiserum for virus extract likewise contains precipitins for juice from 
normal as well as from diseased tobacco leaves. However, the reaction differs 
noticeably in the amount of precipitate formed in the various combinations of the 
two antisera and plant extracts. The precipitate resulting from a mixture of 
juice from normal tobacco and cither antiserum is never heaxy and rarely occurs 
in a saline dilution of antiserum exceeding 1:9. Likewise, in mixtures of xnrus 
c.xtract and antiserum for juice from normal tobacco leaves, only a slight predpita- 
tion occurs and only in low dilutions of antiserum. The largest amount of precipi- 
tate is produced in a mixture of virus extract and antiserum for virus extract, the 
homologous antiserum. Although in the preparation of the plant extracts the 
same quantity of normal and diseased leaves by green weight may be used in 
each case for a given volume of saline solution, antiserum for virus extract of high 
precipitin titer will react with normal juice to form a predpitatc in a dilution of 
antiserum, rarely exceeding 1:9. Upon the addition of virus extract to \nrus 
antiserum, a predpitatc may form in a dilution as high as 1:2000. The obserxxi- 
tion that virus extract reacts more readily with the homologous antiserum led to 
the assumption tliat there might be some substance present in x*irus extract not 
found in normal tobacco leaf extract that is responsible for the reaction. Con- 

•These investigations were begun during the tenure of a N.aiior.aI Hcfrarch 
Council rdlowship in the Biological Sdcnccs. 
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sequently, predpitin-absorption experiments were undertaken in which the predpi- 
tins for normal tobacco extract were absorbed from the antisenun for virus extract 
by adding small amounts of juice from normal tobacco leaves and incubating the 
mixtures for hours at 37°C. After standing overnight in the ice chest, the 
mixtures were centiifugalized to throw down the predpitate. The supernatant 
fluid was then drawn off and more normal juice was added to the partial^ absorbed 
serum. The process was continued imtil no predpitate was formed upon the 
addition of normal juice, whereupon the absorption was regarded as complete. 
The amount of normal juice necessaty for complete absorption of the predpitins 
was small, so that the dilution of the antiserum by the addition of normal juice is 
a negligible factor. The subsequent addition of virus extract to the antiserum 
from which all of the predpitins for normal juice had been absorbed resulted in the 
formation of a hea,vy flocculent predpitate. These results were interpreted as 
evidence of the presence of material in virus extract not found in normal juice and 
antigenic in nature, ix. capable of stimulating the production of antibodies, in 
this instance predpitins, upon injection into an animal. 

It was suggested that the antigenic material specific for virus 
extract and not present in extracts of normal tobacco leaves might be 
either foreign protein or protein of the tobacco plant altered by mosaic 
disease, with a consequent change in its antigenic property. If foreign 
protein, two possibilities are open to consideration, the antigenic 
material might be virus itself or protein from microorganisms present 
in the mosaic diseased plant in the role of secondary invaders. 

Matsumoto (1930) using a similar method of hyperimmunization likewise 
produced precipitins in rabbits for rims extracts of tobacco affected with mosaic 
disease. 

In earlier experiments, it was also shown by the present author that leaf 
extracts of tomato, pepper, and petunia, affected with the virus of common field 
mosaic disease, react with antiserum for rims extract of tobacco to form specific 
precipitates. [Matsumoto and Somazawa (1930) h 37 Derimmunized rabbits sepa- 
rately to rims extracts of both tobacco and tomato. They then demonstrated 
by predpitin-absorption experiments tliat all predpitins in either antisemm could 
be removed by complete absorption vdth the rims extract of either tobacco or 
tomato, thus proring the identity of the specific antigenic material in the case of 
both hosts of the vims. 

It was thought that more evidence concerning the nature of the 
antigenic material specific for virus extract might be obtained by a 
further investigation of the specificity of the precipitin reaction. 
Three main lines of attack were planned. Only one kind of antiserum 
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was used throughout the experiments, namely the antiserum for vims 
extract of tobacco {Nicoiiana tahacum L. var. Turkish) affected vdth 
common field mosaic disease. However, the source of virus extracts 
employed in the precipitin tests was varied. In one set of experiments, 
leaf extracts were prepared from other plants than tobacco, affected 
with virus diseases distinct from tobacco mosaic. This source of 
virus extract was used on the assumption that if the specific antigenic 
material in tobacco virus extract were altered tobacco protein, similar 
substances might conceivably be found in different virus diseases as 
a result of a like alteration of normal host protein. 

In another set of tests, leaf extracts of different hosts affected with 
the same virus, that of the common field mosaic of tobacco, were 
tested for the presence of material reacting with the specific precipitins 
in antiserum for tobacco virus extract. It was thought desirable to 
determine whether or not all hosts of the virus available for tests would 
give a positive precipitin reaction with the antiserum. 

Finally, a set of experiments was undertaken in which two other 
viruses, distinct from that of tobacco mosaic, were multiplied sepa- 
rately in a common host, Turkish tobacco, which is also a host of 
tobacco mosaic virus. Leaf extracts of the common host affected 
with these different viruses were tested with the antiserum for tobacco 
mosaic virus extract for substances capable of reacting ndth the 
specific precipitins. By such a procedure it seemed likely that some 
evidence might be obtained relative to the nature of the antigenic 
material present in virus extract and not found in normal tobacco 
leaves. 


EXPERIMENTAL PROCEDURE 

Prcf>aratiot 2 of Antigens . — All plant extracts were prepared by grinding green 
leaves to a pulp in a mortar with saline (0.85 per cent) solution. The macerated 
tissue was then removed by passage through coarse filter paper. A clear filtrate 
was then obtained by using a combination of Xos. 5 and 42 hard filter papers 
(Whatman). 

Ilypcrirnmnnizaiioji of Rabbits . — The method described in detail in an earlier 
article (Purdy, 1929) was followed in general, except that in addition to the intra- 
venous route for injection, the in tra peritoneal %\'as employed with equally good 
results. It ^^*as also found that after a rest period of al>out 20 days follovring the 
first five injections and then after cvcr>' two injections for a cxrjple of limes, the 
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precipitin titer of the antiserum was markedly increased.^ When the intravenous 
route was employed for hyperimmunization, only 0.5 cc. of antigen was adminis- 
tered at the first injection immediately following a rest period in order to avoid 
possible anaphjdactic shock. The remainder of the antigen, usually about 1 cc., 
was injected an hour later. 

Precipitin Experiments. — 0.3 cc. each of undiluted antigen and antiserum, undi- 
luted or in a dilution of 1 :4, were thoroughly mixed and the contents of the tubes 
were incubated for 1 1 hours in a water bath at 3 7°C. Upon removal from the water 
bath the tubes were examined for the presence of precipitate and placed in the ice 
chest overnight. The following morning a final record Avas made of the presence 
or absence of precipitate. The precipitin tests were repeated several times with 
each antigen employed. In every set of tests control tubes were included, some 
containing antigen Avith saline solution in place of antiserum, others having anti- 
serum Avith saline solution substituted for antigen. 

Precipitin Tests with Extracts of Different Viruses of Plants Other than 

Tobacco 

Sudan grass affected with the virus of sugar-cane mosaic, and 
Eippeasirum equestre Herb, and lily affected with their respective 
mosaic diseases, were selected as representative of virus diseases with 
which intracellular bodies are associated resembling those found in 
tobacco mosaic disease. In the case of these four maladies not only 
the macroscopic but the microscopic symptoms of the diseases bear 
a similarity to one another. Mosaic diseased plants of Abutilon 
striatum Dicks. {A. Thompsoni hort.) were chosen as typical of 
infectious cliloroses transmissible by grafting, while yellows of peach 
was taken to represent another type of infectious chlorosis distinct 
from the mosaic type, but with symptoms sufficiently characteristic to 
include the disease in the class attributable by Kunkel (1928) and 
others to filterable viruses. In none of the maladies referred to, 
except tobacco mosaic, has actual filtration of the viyus been demon- 
strated, but as Kunkel points out they may be regarded as members of 
the group of diseases caused by viruses inasmuch as they produce a set 
of symptoms in their hosts characteristic of known filterable viruses 
and distinct from the symptoms resulting from infections caused by 
recognized plant parasites such as bacteria and fungi. In the case of 
many diseases included in the group due to filterable viruses, lack of 

* This observation was made during a series of experiments carried out in 
collaboration with Mr. Joseph Webb. 
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ability to transmit the diseases mechanically has rendered proof of the 
filterability of the infectious agents impossible. 

Extracts of these various plants, Sudan grass, Hippeastrim, lily, 
Abutilon, and peach, affected with different viruses were mixed with 
the antiserum for virus extract of tobacco affected with mosaic disease. 

TABLE I 


Predpilm Tests with Antisenim for Tobacco Mosaic Virus and Extracts of Various 
Plants Affected with Differ e7it Viruses 


Antiserum 

Antigen 


Precipitate* 

Host 

, Disease 

Undiluted 

Sudan grass 

Mosaic 

0 

(1:4) dU. 

tt it 

if 

0 

Undiluted 

Hippeastrum cquestre 

tt 

0 

(1:4) dil. 

a tt 

tt 

0 

Undiluted 

Lily 

it 

0 

(1:4) dil. 

t f 

tt 

0 

Undiluted 

Abutilon striatum 
(A, T/iompsoni bort) 

tt 

0 

(1:4) dil. 

ti tt 

tt 

0 

Undiluted 

Peach 

Yellows 

0 

(1:4) dil. 

tt 

It 

0 

Undiluted 

Plicoliana fabacum 
var. Turkish 

Tobacco mosaic 

4- 4- d-d- 

(1:4) dil. 

tt tt 

It It 

d-d- 4- 4- 


* 0 = no predpitate. 

:k = vcr>' slight predpitate. 

4- = slight predpitate. 

4- -f = moderate predpitate. 

4*4-4- = hca\y predpitate. 

4- 4- 4- 4- *= vcr\- hca\'>’ predpitate. 

After an incubation period of 1 J hours the tubes were placed in the ice 
chest and on the following morning a record was made of the presence 
or absence of precipitate. The antiserum was used undiluted and in a 
dilution of 1:4. Tubes containing a mixture of antiserum and llie 
homologous antigen were included in eacb set of experiments. 
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Residts. — Extracts of Hippeastrum equestre, lily, and AhiiHlon 
striatum (A. Thompsoni hort.), affected with the viruses of their 
respective mosaic diseases; Sudan grass, affected with the virus of 
sugar-cane mosaic; and peach, affected with yellows, formed no 
precipitate with antiserum for virus extract of tobacco mosaic disease 
(see Table I). 

Precipitin Tests with Dijfferent Plant Extracts of Tobacco Mosaic Virus 

It has been demonstrated previously (Purdy, 1929) that extracts 
of tomato, pepper, and petunia affected with the virus of tobacco 
mosaic disease form heavy precipitates when added to the antiserum 
for virus extract from tobacco leaves. Matsumoto and Somazawa 
(1930) have further shown that the precipitins in antiserum for the 
virus extract of tobacco and tomato are apparently identical. Other 
plants reported here have been added to the list of hosts of tobacco 
mosaic virus already tested for the ability to precipitate antiserum 
for virus extract of tobacco. Saline extracts of Nicoiiana gliutnosa 
L. and N, rustica L. affected with the virus were tested with the anti- 
serum. All the hosts of tobacco mosaic virus so far reported as 
sources of virus in the precipitin tests are members of the Solanaceae 
and only a few hosts outside of this family are mentioned in the 
literature, to which the virus has been successfully transmitted. 
Among them are bean (Price, 1930), the crookneck squash (Elmer, 
1922), and Marlynia louisiana Mill. (Elmer, 1925). Bean and squash 
have not yet been tested but Marlynia, infected with the virus of 
tobacco mosaic, has been used as a source of virus extract to determine 
its ability to form a precipitate when mixed with equal parts of the 
antiserum. Marlynia belongs to the family Martyniaceae, which 
is closely related to the Solanaceae. 

Results. — Leaf extracts of Nicotiaua rustica, N. glutinosa, and 
Marlynia affected with tobacco mosaic virus precipitated the anti- 
serum for the same virus obtained from Turkish tobacco (see Table II). 

Precipitin Tests with Tobacco Extracts of Three Distinct Viruses 

Two virus diseases of Turkish tobacco distinct from tobacco mosaic 
were selected to test further the specificity of the precipitin reaction 
for a given strain of virus on the same host plant that was used for 
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hyperimmunization, Ringspot disease and cucumber mosaic are 
both successfully reproduced in Turkish tobacco. On the basis 
commonly used at present for differentiation of the plant viruses, these 
can be identified as distinct from the virus causing tobacco mosaic 

TABLE n 


Frecipiim Tests with Antiserum for Tobacco Zlosaic Virus and Extracts of Tobacco 
Mosaic Virus on Various Hosts 


Antiserum 

Antigen 

1 

Precipitate* 

Host 

Disease 

Undiluted 
(1:4) dil. 

Tomato 

u 

Tobacco mosaic 

tt tt 

++++ 

++++ 

Undiluted 
(1:4) dil. 

Pepper 

n 

tt 

tt 

tt 

tt 

++++ 

++++ 

Undiluted 
(1:4) dil. 

Petunia 

11 

tt 

tt 

tt 

tt 

++++ 

++++ 

Undiluted 
(1:4) dil. 

Nicoliana rustica 

It tt 

tt 

it 

tt 

tt 

++ + + 

+ + + + 

Undiluted 
(1:4) dil. 

Nicoliana ghilinosa 

tt it 

tt 

tt 

tt 

tt 

+ + 

+ 

Undiluted 
(1:4) dil. 

Martynia louisiana 

tt tt 

1 

it 

it 

tt 

it 

+ + + + 

+ + + + 

Undiluted 

(1:4) dil. 

Nicoliana tabacum 
var. Turkish 

It tt 

tt 

it 

tt 

tt 

+ + + + 

+ + + + 


* 0 ~ no precipitate. 


=b = vcr>’ slight precipitate. 

“f = slight precipitate. 

•f-f == moderate precipitate. 

+ 4 - 4 - = hca\y precipitate. 

4- + 4-4- ^ vcr>- hca\y precipitate. 

disease. The distinguisliing features, recently enumerated by Johnson 
and Hoggan (1931), arc to be found in the symptom cxj^rc.'sion, the 
properties of virus c.xtracts, the modes of transmission of the viruses, 
and the cytological picture. 
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Extracts of ringspot, cucumber, and tobacco mosaic viruses multi- 
plied separately in the common host, Turkish tobacco, were mixed 
with the antiserum to determine the presence or absence of substances 
reacting with the specific precipitins. 

Another source of cucumber mosaic virus was utilized in these tests. 
Nicotiana gluiinosa was employed for this purpose since it is a host 


TABLE ni 

Precipitin Tests with Antiserum for Tobacco Mosaic Virtis and Extracts of Tobacco 
Affected with Three Distinct Viruses 


Antiserum 

Antigen 

Precipitate* 

Host 

Disease 

Undiluted 

Nicoiiaiia iahactnn ! 

Ringspot 


=b 


var. Turkish 




(1:4) dU. 

« ({ 1 

tt 

1 

1 

0 

Undiluted 

i 

(C <( 

Cucumber mosaic 

± 

(1:4) dil. 

t( tt 

ft 

tt 

0 

Undiluted 

Nicotiana ghdinosa 

tt 

tt 

d= 

(1:4) dU. 

a it 

i « 

tt 

0 

Undiluted 

Nicotiana iahacinn 

Tobacco 

tt 

++++ 


van Turkish 




(1:4) dil. 

it tt 

tt 

tt 

d — i — 1 — h 


*0 = no precipitate. 

zfc = verj’’ slight precipitate. 

+ = slight precipitate. 

-h -f- = moderate precipitate. 

+ -!-+= heavj' precipitate. 

-t- + + + = ver>' hea%y precipitate. 

common to the \nruses of both cucumber and tobacco mosaic diseases. 
While the tobacco mosaic virus remains localized in this plant, the 
cucumber mosaic virus produces a systemic infection in this host. 
Extracts of N, gluiinosa affected with cucumber mosaic virus were 
tested with the antiserum for tobacco mosaic virus extract. 

Results . — Leaf extracts of Turkish tobacco affected wuth ringspot or 
cucumber mosaic disease gave only a slight precipitate with undiluted 
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antiserum for tobacco mosaic \nrus on the same host and no precipi- 
tate with antiserum in a dilution of 1:4. Juice from Nicotmia ghiti- 
nosa affected with cucumber mosaic virus produced only a slight 
precipitate with undiluted antiserum and no precipitate with anti- 
serum in a dilution of 1:4 (see Table III). 

A heavy flocculent precipitate formed in every tube containing 
tobacco mosaic virus extract from Turkish tobacco and the homologous 
antiserum (see Tables I, II, and III). 

No precipitation occurred in any of the control tubes of antigen or 
antiserum. 

DISCUSSION 

By reference to Table III it will be noted that a slight precipitation 
occurs in mixtures of undiluted antiserum and every antigen prepared 
from tobacco. This is attributed to the presence of precipitins for 
normal tobacco juice. Precipitation occurs when leaf extracts of 
healthy Turkish tobacco, tomato, petunia, and pepper are mixed with 
antiserum for either normal tobacco extract or tobacco virus extract. 
The reaction occurs only in undiluted antiserum or in dilutions usually 
not exceeding 1:4. When a clear filtrate of a concentrated extract of 
normal tobacco leaves is added to a 1:4 or a 1:9 dilution of an anti- 
serum for tobacco virus having a high precipitin titer, a definite pre- 
cipitate forms, while the same antigen added to normal rabbit serum 
gives an entirely negative reaction. Also virus extracts of Turkish 
tobacco react vdth low dilutions of antiserum for normal tobacco juice 
to produce a slight precipitate, while normal rabbit serum fails to 
react. Therefore, there seems to be little doubt that when antigens 
are prepared from hosts identical ^vith the one used for the purpose of 
h\T)erimmunization or from closely related hosts, a small part of the 
precipitate formed in mixtures of antiserum is due to precipitins for 
normal tobacco juice. The reaction can be readily eliminated by 
dilution of the antiserum and the use of a less concentrated antigen. 

There has been no attempt to prove from the cndence presented in 
this paper that the viruses of cucumber mosaic and ringspot disea^ses 
may not be related serologically to the tobacco mosaic virus. Since 
a positive precipitin reaction is obtained only in mixture? of undiiute<i 
antiserum and antigen, any dilution of the antiserum, necessary for 
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obtaining proof by the use of precipitin-absorption tests, would be 
objectionable. Evidence of a possible relationship of these three viruses 
would seem to depend upon precipitin tests between the antiserum for 
virus extract of tobacco mosaic and extracts prepared from hosts of the 
ringspot and cucumber viruses unrelated to tobacco. 

Owing to the possibility of the existence of a prozone phenomenon in 
the precipitin reactions, the antigens and antiserum were tested in 
various dilutions but only with negative results when the antiserum 
dilution exceeded 1 : 4, except in the case of the antigens from plants 
affected with the virus of tobacco mosaic disease. When undiluted 
antiserum of a high precipitin titer is used with the homologous 
antigen, the formation of a precipitate is frequently delayed although 
a flocculation eventually takes place. 

As shown in Table II, the reaction between the antiserum and virus 
extract of Nicotiana glutmosa is recorded as moderate or in the case of 
diluted antiserum, only slight. The virus produces localized lesions 
in this host and according to Holmes (1929) the virus concentration 
is never great. Larger quantities of leaves of N. ghMiiosa extracted 
with a given volume of saline solution but having a low virus content, 
precipitate antiserum less than smaller amounts of the leaves of 
other hosts of the virus having a higher virus content. 

Since microorganisms are frequently associated with mosaic- 
diseased plants, the possibility that the specific precipitate is due to 
such foreign protein should not be ignored. If the reaction were 
attributable to such concomitant antigens, the results would indicate 
that these microorganisms are present in every host of the virus thus 
far tested and are found in tobacco affected with the common field 
mosaic virus, and not in tobacco affected with the viruses of either 
cucumber mosaic or ringspot disease. 

SUMMARY AND CONCLUSIONS 

1. Leaf extracts of Sudan grass, Hippcaslnnn cqueslrc Herb., lily, 
and Ahiililon striatum Dicks. (A. Thompsoni hort.), each affected with 
its respective mosaic disease, and peach affected with yellows disease, 
were tested for their ability to precipitate antiserum for virus extract 
of tobacco mosaic disease. No precipitate occurred. 

2. Nicotiana glutinosa L., N. ruslica L., and Martynia lonisiana Mill. 
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were added to the list of hosts of tobacco mosaic vims which have been 
tested with antiserum for the same vims in iY. iahaciim L. var, Turkish. 
The object was to determine the presence or absence of material react- 
ing with the specific precipitins such as that already demonstrated in 
extracts of tomato, pepper, and petunia affected with the same vims. 
The presence of specific substances was demonstrated in every case. 

3. The viruses of ringspot and cucumber mosaic diseases were multi- 
plied in Turkish tobacco and leaf extracts of the affected plants were 
used in turn as antigens in precipitin tests with antiserum for tobacco 
mosaic virus extract of Turkish tobacco. A slight precipitation re- 
sulted in the tubes containing undiluted antisemm and vims extract 
such as occurs when juice from normal tobacco is used udth undiluted 
antiserum. No precipitate was demonstrable that was specific for 
virus extracts of tobacco affected with either ringspot or cucumber 
mosaic disease. 

4. The results favor the interpretation that the specific antigenic 
substance in vims extract of tobacco mosaic disease is foreign antigenic 
material, possibly virus itself, not altered host protein. 
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STUDIES ON THE BLOOD CYTOLOGY OF THE RABBIT 


VIII. The Blood oe Normal Rabbits as an Index of Their 
Resistance to a Transplantable Neoplasm 

By albert E. CASEY, M.D., and LOUISE PEARCE, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, June 15, 1931) 

This paper reports an investigation in connection with the study of 
animal constitution as a factor in susceptibility and resistance to 
disease (1). Blood was the constitutional factor studied because of 
the basis for work furnished by preceding papers which deal with the 
distribution, the spontaneous variations, and the interrelationships of 
the blood cells in the normal rabbit (2-7). A malignant neoplasm was 
chosen as the disease to be followed because of the knowledge already 
acquired concerning the blood reaction in rabbits inoculated with the 
tumor (8). 

Two fundamental considerations underlie the present statistical in- 
vestigation of the relationship between the blood cytology of normal 
rabbits and their susceptibility to this malignant disease. First, 
the malignancy of the transplantable neoplasm as observ^ed in this 
laboratory varies from season to season and year to year, both as 
concerns groups of animals and among the individuals of the groups 
(9-11). Second, the cellular elements of the blood of normal rabbits 
vaiy^ seasonally and yearly, and appreciable differences in the cell 
fonnula occur both between groups (3-7) and individuals (2). 

Material and Methods 

Data have been obtained from 2 groups of rabbits inoailate<i with the Brov,*n 
and Pearce rabbit tumor. The first group comprised 7S rabbits which were the 
same as those used in the experiments on which the blood reaction to tumor inocu- 
lation was reported (S). A description of the animals ar.d of the experimental 
methods employed has already been given. The animalf v.hich vcrc u?*cd for 
working out the metho<i5 of corrchlion were di 5 tributtxi a*; follows: 
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TABLE I 


Group 

i 

No. of 
rabbits 

1 

! 

First blood 
examination , 

Last blood 
examination 

Tumor inoculation 

No. of 
blood ex- . 
aminations 
before 
inocula- 
tion* 

No. of 
weeks in 
laboratory 
before 
inoculation 

1 

lot 

Oct. 24, 1927 

Nov. 16, 1927 

Nov. 17, 1927 

4 

45 

2 

5 

Dec. 5,1927 

Jan. 5, 1928 

Jan. 5, 1928 

12 

45 

3 

9 

Feb, 8, 1928 

Feb. 23, 1928 

Feb. 24, 1928 

4 

2‘ 

4 

lot 

Apr. 6, 1928 

Apr. 18, 1928 

Apr. 20, 1928 

4 

2 

5 

10 

Sept. 18, 1928 

Nov. 22, 1928 

Nov. 22, 1928 

8 

8 

6 

5t 

Dec. 29, 1928 

Jan. 3, 1929 

Jan. 4. 1929 

3 

1 

7 

12 

Oct. 26, 1929 

Nov. 19, 1929 

Nov. 19, 1929 

7 

4 

8 

12 

Dec. 31, 1929 

Jan. 14, 1930 

Jan. 14, 1930 

5 

2 

9 

8 

Dec. 31, 1929 

Jan. 14, 1930 

Jan. 14,1930 

5 

26 

Total.. . 

78 

1 

1 






* In an earlier paper upon the blood cytology during the course of malignant 
disease (8), only those blood counts made within 4 weeks of inoculation were in- 
cluded. In the present paper all counts before inoculation are included without 
regard to the time factor. 

1 1 rabbit each of Groups 1 and 4 was omitted because of a complicating nephri- 
tis; and an animal in Group 6 also because it was killed for transfer material be- 
fore the end of the experiment. 


A second series of 13 rabbits was used as a means of testing the accuracy of 
the methods developed with the first group; their distribution was as follows: 


TABLE II 


Group 

No. of 
rabbits 

1 

Tumor inoculation 

1 

First blood 
examination 

Last blood 
examination 

1 

! 

No. of 
blood ex- 
aminations 
before 
inoculation 

No. of 
weeks in 
laboratory 
before 
inoculation 

10 

8 

Sept. 17, 1930 

Sept. 19, 1930 

Sept. 19, 1930 

2 

2 

11 

S 

Dec. 13, 1930 

Dec. 13, 1930 

Dec. 15, 1930 

10 

26 

Total.. . 1 

13 



1 

12 

28 


The hematological technique employed (2) included determinations of the total 
red and white cells vrith standardised pipettes, hemoglobin estimations by the 
Newcomer method, and neutral red supravital differential counts. 100 white 
cells were counted in each differential white cell determination. The number of 
blood counts made upon each group of animals before inoculation varied from 3 to 
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12 and they were distributed irregularly over the 1 to 10 weeks immediately pre- 
ceding inoculation. The values used in this analysis are the means of all counts 
made upon each animal before inociilaiion} 

The transplantable tumor is considered to be an epithelioma. It arose spon- 
taneously in the scrotal skin of a rabbit 10 years ago (12) and has been carried 
from animal to animal by intratesticular inoculation for upwards of 100 generations. 

Estimation of Malignancy , — Each experiment was terminated 2 months after 
inoculation and all surviving animals were killed by air embolism. A complete 
autopsy was made on every animal with especial reference to the distribution and 
the character of any tumor. 

For the present statistical analysis, expressions of malignancy were reduced to 
a numerical basis by one of two methods. The first was the outcome of the 
experience that 2 months after inoculation, animals can be divided into four cate- 
gories with respect to death or survival, namely: “deaths,” “probable deaths,” 
“probable recoveries,” and “recoveries.” Animals which at autopsy revealed 
no evidence of tumor, either at the site of inoculation or elsewhere arc designated 
as “recoveries.” Those which at autopsy showed only a slight tumor growth, 
usually in a necrotic condition, such as a residual primary lesion of the testicle, a 
drcumscribed honph node metastasis, or small peritoneal implantations, would 
presumably have recovered from the disease and, therefore, these individuals 
have been classed as “probable recoveries.” The remaining animals which showed 
more or less widespread metastases of living tumor at autops)'' have been classed 
as “probable deaths.” In order to give a numerical value to the malignanc}* in 
each animal, the relative susceptibilities of the four classes of animals have been 
simply expressed as 4, 3, 2, and 1, respective!}', or in percentage terms of mafig- 
nanc}' as follows: “deaths” 100 per cent; “probable deatlis” 67 per cent; “prob- 
able recoveries” 33 per cent; and “recoveries” 0 per cent. 

This method of classification was used as the basis for studying the relation 
between the pre-inoculation blood findings and susceptibility or resistance to the 
tumor. The results obtained, however, were controlled by a second numerical 
method of appraisal. This method consists in determining the number of organs 
or tissues having tumor growth as determined by autopsy obscr\'alion. Neither 
the number nor the extent of the growth in an}' organ nor the character of the 
growth is taken into consideration, but simply the presence or absence of a tumor 
focus. The number of possible fod has been arbitrarily set at 20, and the distribu- 
tion of animal material upon this basis is as follows: “recoveries” 0 fod, “prob- 
able recoveries” from 1 to 4 fod, “probable deaths” from 4 to 12, and “deaths” 
from 4 to 20 fod. This second method of classification whidi gives a numerical 
N*aluc to the actual distribution of tumor in each animal lias been included as 


'The mean \'alucs used in the present analyses diner s-om.c'^hat frern thore 
mentioned in the report on the blood reaction after inoculation, as ha«^ Iccn stated 
in that p.apcr (S). 
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supplementary evidence of the accuracy of the first method. In general, it has 
been found that the analj’^tical results obtained with both methods are in sub- 
stantial agreement. 

Methods of Analysis oid of Recording Resnlis , — ^The method of determining the 
relation of the blood cells before inoculation to the course of the malignant disease 
has been to construct a simple correlation table for each type of cell studied. The 
four values for tumor malignancy have been placed along the ordinate and the 
values of the blood cell factor under consideration along the abscissa in an appro- 
priate number of boxes. Simple averages of the malignancy of the tumor in those 
cases corresponding to each box along the abscissa were then made. Owing to the 
inadequate number of cases in some boxes, the box means were smoothed by the 
Sa “h 2Sb 4“ Sc 


formula 


where Sd was the summation of the ordinate values in 


Na + 2 Nb + Nc 

the box to be smoothed, Sa that of the preceding, and Sc that of the succeeding 
box; NAy Nhy Nc represented the actual number of cases falling in the respective 
boxes. The smoothed box means were then connected by lines; the result of this 
procedure is sho\vn in the curves of Text-figs. 1, 2, and 3. The small numbers 
beside each point in the curves represent the actual number of cases in each box 
before smoothing was done. The vertical line down the center of each chart 
represents the approximate modal value obtained upon normal rabbits in this 
labo^ator>^“ 

The values in the text-figures represent an analysis of the entire series of 78 
animals without regard to individual experimental groups, time of inoculation, or 
other factors. An analysis of this series of animals group by group b}" a thoroughly 
satisfactory statistical method is virtually impossible, owing to the small number 
of animals in each group. But though the specific degree of relationship by groups 
cannot be obtained, it is relatively simple to show that such a relationship does or 
does not exist. Simple correlation coefficients were calculated for each of the 9 
groups between the blood cell values before inoculation and the numerical esti- 
mate of malignancy, using both methods of estimating the tumor malignancy; the 
results are shown in Table III. Correlations were also made upon the 2 additional 
groups of 13 rabbits previously referred to; tlie results are also shown in Table III 
under the headings of Groups 10 and 11. 

For our present purpose, the pre-inoculation blood cell values for each animal 
in the analysis given in Table III have been combined and are expressed by a 
single numerical value which is considered to represent “mean susceptibility.” 
The reasons for expressing the entire 15 pre-inoculation blood cell values as a 
single value are as follows: first, the technical inaccuracy of the mean of any 
particular blood cell value may be great; second, a single such inaccuracy might 


• Since the paper upon distributions (2) was published, a definite trend in cer- 
tain classes of cells has occurred, necessitating slight changes in the modal values 
for total white cells, eosinophiles, and lymphocytes. 
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materially affect the correlation coefficient in groups of less than 10 counts; and 
finally, the mathematical processes involved in handling multiple curvilinear re- 
lationships are confusing to the non-statistical reader. 

The method by which the entire 15 pre-inoculation blood cell means were com- 
bined into a single numerical value may be summarized as follows: first, the 
mean malignancy of the tumor for the 78 rabbits as expressed in Text-figs. 1, 2, 
and 3 was found to be about 58 per cent; second, an imaginary horizontal line 
was drawn through eaeh chart in the text-figures at the level of 58 per cent; third, 
those points in the smoothed curves which fell above this imaginar>^ line of 58 per 
cent were said to belong to boxes representing susceptible animals; fourth, any 
animal which for any given blood cell factor had a pre-inoculation mean falling 
into a ‘‘susceptible box,” was said to be susceptible to tumor in so far as this par- 
ticular blood factor was concerned; fifth, the total number of such susceptible 
factors was then determined for each animal. This total number was considered 
to be the numerical estimate of the susceptibility of the particular animal to the 
tumor. In Table III, the figures in the column under the heading “mean sus- 
ceptibility” are the simple averages of the so called susceptible factors for each 
group of animals. 

The coefficients of correlation listed at the bottom of Table III are based upon 
the group means given in the table and represent the relations, first, between 
mean susceptibility and mean malignancy, second, between mean susceptibility 
and mean number of foci, and third, between mean malignanc>' and mean num- 
ber of foci respectively. A similar series of correlations upon the individual ani- 
mals of each group are shown in the 3 right hand columns of Tabic III. Perfect 
correlation would be 1.000 and the absence of correlation 0.000. Neither perfect 
correlation nor the absence of correlation is often obtained in practice, and the 
coefficients obtained lie between these extreme \’alucs. The degree of correlation 
depends for its significance upon the number of values in the series. Since the 
significance of a coefficient depends upon the number of values in the scries to be 
correlated, a correlation coefficient of +.300 obtained for the entire 78 animals 
would be significant while one of +.600 for 5 animals or less would not be signif- 
icant. A coefficient of correlation is arbitrarily taken to be significant when the 
chances of its occurring by a random association of unrelated variables is less than 
1 per 100. It is considered probably significant if the chances of its occurring by 
accident are from 1 to 5 per 100. 

It should be noted that in the analysis contained in Table III, “deaths,” “prob- 
able deaths,” “probable recoveries,” and “recoveries” arc designated by the 
numbers 4, 3, 2, and 1 respectively while in the text-figures, these \'aluc 5 arc repre- 
sented by 100, 67, 33, and 0 per cent. The use of numbers rather than percc.nl.igc 
values in the analysis of Tabic III was solely for the sake of facility in making 
the calculations and in no way affects the results obtained. 



Percentage of deaths from malignant neoplasm 
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RESULTS 

The Relation of Blood Cell Voh^es of Individual Animals to Maliguaucy 

In Text-fig. 1 it will be noted that those rabbits with average pre- 
inoculation red blood cell counts varying between 5,000,000 to 5,500,- 
000 per c.mm. were the most resistant animals to the tumor. The 
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mode, median, and mean of more than 1,000 counts on normal animals 
lie between 5,050,000 and 5,250,000 red cells per c.mm. of blood. The 
low point of tumor malignancy occurred among animals with 5,200,000 
red cells per c.mm., and it would seem, then, that rabbits with normal 
red cell counts were the most resistant to this malignant disease. 
However, 40 per cent of the animals with normal counts before inocu- 
lation died from the tumor while not more than 70 per cent of animals 
with abnormal counts succumbed. 

The values for the hemoglobin content show that the rabbits w’hich 
were most resistant had mean pre-inoculation hemoglobin^ values of 
between 60 and 70 per cent (Text-fig, 1). The mean, median, and 
mode of the normal counts already referred to lie mthin these limits. 
Again, it would seem that rabbits with abnormal values were the most 
susceptible to the malignant disease. Among the animals with a 
normal hemoglobin content, the death rate was 45 per cent and among 
those with abnormal values, the actual and probable death rate was 
75 per cent. 

The rabbits which were most resistant had mean white blood cell 
counts before inoculation of between 6,500 and 8,000 per c.mm. 
(Text-fig. 1). The mode of the normal counts was approximate!}'' 
7,500 per c.mm. Animals with mean counts below 6,500 tended to be 
slightly more susceptible to tumor than those wdthin modal limits. 
Animals with white blood cells of more than 9,000 were definitely 
more susceptible than those \\dth low and normal counts. The highest 
susceptibility of 70 to 75 per cent occurred in the 7 animals witli total 
white cell counts of approximately 12,000 per c.mm. 

Normal mean total granulocyte counts before inoculation were in 
general associated with resistance to the tumor while both high and 
low granulocyte counts were associated vdih greater susceptibility 
(Tcxt-fig. 1). The rabbits whicli were most resistant had mean pre- 
inoculation granulocyte counts of between 3,750 and 4,250 cells per 
c.mm. These values coincide with the modal point for normal ani- 
mals. 

The total non-granular cells of the blood before inoculation also 

* The values for hemoglobin arc only relative, due to the vidde \-anatinn !>etv.Ten 
methods of estimation, readings by difTcrenl indi\*idual5. and v.jtlj d’vTcrcnt in- 
struments of the same tN^pc- 
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seemed to be related to the outcome of the malignant disease. The 
rabbits which were most resistant had pre-inoculation values of be- 
tween 2,350 and 3,750 cells per c.mm. (Text-fig. 1). The most sus- 




250 500 750 1,000 1,250 




Hcan values before inoculation 
'(Absolute numbers per c.nim. blood) 


Text-Fig. 2. The relation of the blood cytolog>' before inoculation to the 
course of malignant disease. 


ceptible animals were those whicli had pre-inoculation values above 
3,750 per c.mm. Increased susceptibility was also noted in animals 
with total non-granular cell counts of less than 2,250. per c.mm. 
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Again, deviation from the modal value seemed to be associated with 
lessened resistance. 

Text-fig. 2 illustrates the relation of the various classes of white cells 
to the outcome of the malignant disease. The absolute numbers of 
cells per c.mm. of blood are given. It can be seen that, in general, 
rabbits with normal or approximately normal neutrophile, basophile, 
and eosinophile counts were more resistant than those with abnormal 
values; but it should be noted that in the case of extremely high baso- 
phile and eosinophile values, the animals tended to be resistant. In 
the case of the eosinophiles, however, low values were associated with 
an unusual susceptibility. The reaction of the various neutrophile 
values was of a minor order since the difference between the most 
susceptible and the most resistant animals was but 10 per cent. 

The most resistant rabbits had pre-inoculation l}unphocyte values 
of approximately 2,000 per c.mm.; of the 34 animals in this class, 21, or 
62 per cent, were resistant to the disease. On the other hand, only 3 
of the 10 animals with mean lymphocyte values of 4,000 or more per 
c.mm. were resistant. There was a slight tendency for animals with 
lymphocytes below 2,000 per c.mm. to be in the susceptible category. 

In the case of the monocytes, those animals which were most re- 
sistant to the tumor had the lowest pre-inoculation values while those 
which were most susceptible had the highest. An exception is to be 
noted in the case of 4 animals with monocyte counts of below 500 per 
c.mm., which succumbed to the disease. The tendency for animals 
with low monocj^tc counts to be resistant and those with high counts 
to be susceptible is exactly the opposite to the eosinophile findings in 
which high values were associated with resistance and low values witli 
susceptibility. 

In Text-fig. 3, use has been made of the mean number of each while 
cell type per 100 cells, that is, relative values in contrast to the absolute 
mean numbers per c.mm. of blood pre\nou5ly employed. Two contrast- 
ing typos of trend in relation to resistance to the tumor arc to be 
noted. The trend of the neutrophiles, basophiles, and eosinophiles 
is down, that is, the more susceptible rabbits had low relative values 
before inoculation while the most resistant ones had high values. 
The trend is very similar for the three t\*pes of granular cell? allliough 
it is most striking in the case of the eo?inophiIes. With resjHrct to 



'Percentaige of deaths |rom malignant neoplasm 



Ncan values before inoculation 
(■Relative numbers per 100 white cells) 


Text-Fig. 3. The relation of the blood cytology before inoculation to the 
course of malignant disease. 


the non-granular cells, however, the tendenc}'’ here shown is for low 
values to be associated with greater resistance and high values with 
susceptibility. The trend in the case of the lymphocytes is in striking 
contrast to that of the cosinophilcs. The relative monocyte values 
were vciy irregular in their relation to the outcome of the malignant 
disease. 
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It should be noted in regard to the relative values of the various 
white cells, as shown in Text-fig. 3, that the most resistant animals did 
not have coimts which fell within modal limits. This is in marked 
contrast to the results found for the total white cell counts and those 
for the total granular and non-granular cells, the hemoglobin per- 
centages, and the red cell coimts, and to some extent, it is in contrast 
to the values for the absolute numbers of the various types of white 
cells (Text-figs. 1 and 2). 

TABLE m 


Mean Susceptibility as Detennined from the Blood Cytology before Inoculation ^ Cor- 
related with the Actual Course of a Malignant Neoplasm 


Group 

No. of^ 
animals in 
each group 

Mean sus- 
ceptibility 

Mean 

malignancy 

^Ican no. 
of foci 


^SF 


1 

9 

3.7 

3.1 

7.3 

+.8974 

+ .6825 

+.8300 

2 

5 

2.6 

2.6 

5.4 

+ .0417 

-.1379 

+ .8539 

3 

9 

3.7 

3.0 

7.0 

+ .6397 

+ .5621 

+ .8669 

4 

9 

2.3 

2.4 

3.6 


+ .5013 

+ .8000 

5 


1.9 

2.0 

3.6 

+ .5770 

+ .7484 

+ .9425 

6 

4 

4.0 

2.8 

7.0 

+ .1136 

-.1199 

+ .8992 

7 

12 

2.8 

3.1 

8.0 

+ .8358 

+ .6237 

+ .8548 

8 

12 

2.4 

2.6 

5.8 


-.0658 

+ .7608 

9 

8 

2.1 

2.3 

4.4 

+ .8017 

+ .8610 

+ .8966 

10 

8 

3.1 

2.8 

5.0 

+ .7234 

+ .5757 

+ .9397 

11 

5 

5.0 

3.4 1 

10.0 

+ .8965 

+ .8933 

+ .9863 

Coeffidents of correlation upon the entire 91 animals. . 
Coefficients of corrdation upon the 11 group means. 

+ .6390 
+ .8577 

+ .5607 
+ .8582 

■ +.8858* 
+ .9325 


r = coefficient of correlation. 

5 = mean susceptibility. 

M *= mean malignanc>\ 

F « mean number of fod. 

* Transformed method correlations (14). 

The Relation of the Blood Findings to Malignancy in Groups of Animals 

In Tabic III which contains tlic analysis of the material from the 
standpoint of animal groups, it will be seen that the correlation be- 
tween mean susceptibility and mean malignancy' is greater vrhen 
calculated from tlic 11 group means (-r.S5S) than when calculated 
from the individual values for the 91 animals (-r.b59)'. In addition, 
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the relation between mean susceptibility and mean number of foci 

was ^eater for the group means (+.858) than for the individual values 

(+.561). And again, the correlation of mean malignancy and mean 

numb^ of foci was greater for the group (+.933) than for the individ- 
uals (+.886). 

The correlation coefficients as regards pre-inoculation blood cytol- 
ogy (mean susceptibility) and the outcome of malignancy are compar- 
ab e ,n magnitude with those coefficients based upon the relations 
between the two methods used for estimating malignancy. Both 
metliods of estimation gave comparable results since their coefficients ■ 
correlation with the pre-inoculation blood cytology are nearly tlie 

alsn^^fiSn^’ ^ +-8582 for the 11 groups of animals and 
also +.6390 and +.5607 for tlie entire series. 

DISCUSSION 

^ brief 

+“™*ips Of the blood cells before inoculation to the 
The h*^ f uced by a transplantable malignant neoplasm. 

^Jisfeh relationships e.rist, 

5 „ ‘ P°""*ble to predict, in the generality 

o So H hT a cytological study 

the evn ^ 1 T' Certain aspects of this matter and of 

the eiperimental material in relation to it mil first be considered. 

sources stock rabbits of various breeds, tj-pes, and 

Zru^Mou' « benefit since a maximum number of 

P ctcd Zve ' '“P”* conditions mieht be es- 

SnknotndZeo : n encountered could conceivabiy L due to 

blood formulae T ^ rather than to intrinsic differences in the 

tion b orl'n,, ? ■ ° ‘‘“P™ relationships of prcinocola- 

other ™tirl , .°,h'“' T T “'P'P'!'"* P' “dependent of breed or tjpe, 
are now in nroarp.. * rabbits will have to be carried out. These 

siblc dilTercLef in cell i" ' Jl"' “dditional purpose of determining pos- 
of the same family. p*™" pp p different breeds as well as of different individuals 

“ 8PPP“>'.'-eecepted that the numhem of blood 

weeks or months T p^p subject to spontaneous imriations over periods of 

undoubtcdiv ntsvs P^PdP^^^'pf® blood findings to resistance, this feature 

mined un™, hi d , i^P”; "" blood cell fonnula deter- 

mined upon the day of inoculation might differ significantly from one made 2, 3, or 
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20 weeks before inoculation. In addition, blood cell values consisting of averages 
of weekly determinations made during the 10 weeks preceding inoculation might 
differ significantly from those obtained at other intervals. The duration of the 
most desirable period for making the pre-inoculation counts is not known, and 
the appropriate number of such counts is imdetermined. It seems possible, 
however, that with this particular tumor at least 10 counts should be made over 
a period of 3 weeks prior to inoculation. 

The Ttunor . — Any application of the results to other transplantable tumors or to 
the spontaneous tumors of man and the lower animals, must be made with a 
realization of the special material used in our experiments. From the analyses of 
our observations, it seems possible that a method has been evolved by means of 
which the cytological elements of the blood and perhaps other biometrical factors 
can be studied in the relation to susceptibility to transplantable tumors and other 
diseases. A preliminary study of such nature has already been made in experi- 
mental syphilis (16); and a more detailed report is in preparation. 

In the experiments, the method of unilateral testicular inoculation was always 
employed. Whether the use of other sites would result in similar findings is not 
knowm. It must be borne in mind that different tumors are necessaril}' used as the 
inoculum for different experiments, and it is b}^ no means probable that the state 
or condition of the tissue employed was identical in any two c.xperiments. 

The Method of Classifying Malignancy . — A satisfactor>^ appraisal of malignancy 
in any given animal is admittedly difficult. The two numerical methods here em- 
ployed are arbitrary and often at variance. For instance, death from inanition 
may result from tumor involvement of the jaw and no other tumor be found at 
autopsy. This might be classified as a “death” by one method or an instance of 
considerable resistance by another. Furthermore, an animal sur\’iving for 2 
months with widespread metastases would be described as a “probable death” 
while another animal dying soon after inoculation because of a single metastasis 
which occurred in the hj^pophysis would be classified as a “death.” The method 
of counting the actual number of foci is also subject to correction since one animal 
with 12 foci may die in 4 weeks while another in tlic same group with 15 foci 
may live for 10 weeks. From the results of the present analyses, it seems ques- 
tionable whether an animal with 10 fod is less susceptible tlian one with, for in- 
stance, IS fod. It is all the more striking, therefore, that sudi high correlations 
between pre-inoculation blood findings and animal resistance have been found. 

The question of the spcdal character of the disease in relation to prc-inoculatJon 
blood C}'tolog}’ has also been considered, altliough the present material is loo 
limited to warrant more than general suggestions, A prdlminnr>' sun'cy, how- 
ever, indicates that particular t\ 7 >cs of metastatic involvement may pcrh.ips be 
assodalcd with certain prc-inoculation blood coll \'alucs. 

The Statistical MclhcHh of Analysis . — It is quite obvious ih.at the present problem 
involves multiple curvilinear correlations of a vm* complex 5 »ort (15). Before 
such an analysis can be undertaken by any of the usual metho^is, ho*.’ ever, more 
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data are necessary in order to give approximate mathematical formulae to the 
curves of all the various cell values in relation to resistance. Further work in 
the direction of normal blood cell relationships is also indicated (7). The present 
paper, therefore, should not be considered as an attempt to measure the degree 
of the relationships between blood cell values and resistance, nor as an attempt to 
express these relationships with mathematical exactness. The present data sufBce 
merely to show the presence and the general direction of these relationships. 

The Relation of the Blood Findings to Malignancy in Individual Animals 

From the results, as presented, it is impossible to determine how 
often an animal having one blood factor indication of susceptibility- 
will have others gmng a similar indication. The following tabulation 
gives an idea of the frequency \vith which these points or values of 
susceptibihty occurred. The number of points of susceptibility for 
each animal as described in the section on material and methods, are 
taken from the 15 blood factors representing susceptibility as given in 
the curves of Text-figs. 1, 2, and 3. The entire 78 animals used in 
Table I plus the 2 additional groups of 13 animals mentioned in Table 
II are classified dn the basis of the nuinber of points of susceptibility as 
denoted by the pre-inoculation blood cell values. The mahgnancy of 
the tumor in each class is expressed in percentage values as previously’- 
described. 


TABLE TV 


Points of susceptibility 

No. of animals 

Proportion of resistant animals 



per cent 

0 

6 

100 

1 

13 

93 

2 

22 

59 

3 

19 

26 

4 

12 

25 

5 

11 

27 

6 

5 

0 

7 

3 

0 


91 



The first fact to be noted in the abov'e tabulation is the distribution 
of the numbers of animals. This distribution has a decided skew- to 
the right, indicating that the exceptional animals of the series were 
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more often highly suceptible than highly resistant. From this finding, 
it might be construed that more factors contribute toward the produc- 
tion of susceptibility than toward resistance. 

The second point is that the blood of these animals indicated a rela- 
tively small number of points of susceptibility. Out of a possible 15 
points which any animal might show, the majority had only 2 or 3 
and the maximum was 7 points. A possible explanation for this 
finding suggests itself. The selection of normal animals for the experi- 
ments was made on the basis of weight, age, body build, and freedom 
from clinical signs of spontaneous disease. This implied a generally 
good physical condition. It might be assumed that such a healthy 
condition would be associated with a blood formula containing few 
points of susceptibility to disease, both spontaneous disease and that 
resulting from outside interference, such as the tumor. If this assump- 
tion is correct, it follows that rabbits with more than 7 points of sus- 
ceptibility, which presumably represent a general breakdovm of body 
resistance, would not attain the age of the animals of these experi- 
ments, or if living, would not be chosen as normal animals. This 
explanation is substantiated by the trends of the curves in Text-figs. 
1 and 2 in which animals with normal blood values tended to be most 
resistant while variation either above or below normal was associated 
with lowered resistance to the tiunor. 

It is possible that susceptibility to different diseases may not be ex- 
pressed by the same pre-inoculation blood formula, but by variations 
of a quantitative or a qualitative nature. This phase of the subject 
should be referred to because of the suggestion contained in the find- 
ings on the relative percentage values for the white blood cells given 
in Text-fig. 3. These results apparently show a certain amount of 
specific association in that they arc independent of normal values. 

The third point in the tabulation to which attention should be called 
is the close correlation of the number of points of susceptibility with 
the proportion of resistant or susceptible animals. The 6 animals 
which had no blood findings indicative of tumor susceptibility were 
entirely resistant to the disease, and the S animals with 6 and 7 blood 
factors indicative of tumor susceptibility showed little or no resistance 
to the tumor. In the case of the 42 animals with 3, 4, and 5 jx)ints 
of susceptibility, 75 per cent succumbed to the tumor. Of the 13 
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animals with only a single point of susceptibility, 93 per cent were 
resistant. The only group of animals in whicli it would be diflScult to 
foretell the reaction to tumor inoculation witli considerable accuracy 
is that with 2 points of susceptibility; 3 out of every 5 animals were 
resistant. This group is the largest in the series, but the succeeding 
one of 3 points of susceptibility is almost as large. 

An index of resistance might, therefore, be devised from the above 
analysis in which all rabbits with 3 or more points of susceptibility are 
classified as susceptible and all with 2 or less, resistant. By means of 
such an index, 73 of the 91 animals, or 80 per cent, would be accurately 
classified. This accuracy can be further increased to 90 per cent for 
this series by the use of such quantitative biometrical methods as 
partial correlation. In this further analysis, account has been taken 
not only of the presence, but also of the degree of resistance or sus- 
ceptibility as indicated by each blood factor and the relative impor- 
tance of the several factors. It has been found from these calculations 
that certain combinations of factors seem to bear more relation to 
malignancy than others. These points will be discussed in subse- 
quent papers. 

The Relation of the Blood Findings to Malignancy in Groups of Animals 

Probably one of the best tests of the applicability of an index of 
resistance derived from the values obtained on individual animals is 
its accuracy in representing group values. Table III represents such 
a test on the present material. That tlie coefficients of correlation 
upon the group values were higher than the combined coefficients upon 
the indmdual animals was to be expected; group values are less 
affected by errors of estimation from the standpoint of mean suscep- 
tibility, mean malignancy, and mean number of foci. The errors in 
calculating a coefficient based upon small numbers of animals are some- 
times large as in Groups 2 and 6 with only 5 and 4 animals respectively. 
The very high coefficients obtained in the case of Group 1 1 which also 
had only 5 animals may be explained likeudse by chance due to the 
small number of animals or by the fact that an especially large number 
of blood counts before inoculation were made. 

Satisfactor},’ coefficients of correlation depend upon accurately 
determined variations between individuals. In Group S comprising 
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12 rabbits, only 1 animal was a ^^recovery’^ and only 2 were ^‘deaths.” 
When the series came to autopsy, the distribution of living tumor 
in the majority of the other 9 animals was such that a classification 
of ‘^probable deaths’’ or ‘^probable recoveries” was unsatisfactory. 
It is interesting that in these particular animals, the pre-inoculation 
blood cell values showed few significant variations. The occurrence 
of such uniformity in a group with an absence of any considerable 
numbers of fatal or recovered cases probably explains the lack of 
a significant correlation. However, when these animals are considered 
with the rest of the 78 rabbits, either individually or as a group, their 
blood values are closely correlated with the course of the malignant 
disease. This fact is shown by the values of their group means in 
Table III. 

SUMMARY AND CONCLUSIONS 

1. The blood cytology of 91 rabbits was studied prior to inoculation 
with a transplantable malignant neoplasm. The following statements 
refer in each instance to the mean values of the pre-inoculation counts, 

2. The animals which were most resistant to the malignant disease 
had, before inoculation, normal red and white cell counts, normal hem- 
oglobin percentages, high eosinophile counts, and low counts of mono- 
cytes and lymphocytes. The relations of the neutrophile and baso- 
phile counts were irregular, but normal values also appeared to be 
associated with greater resistance. 

3. The most susceptible animals were those wliich had, before 
inoculation, red cell counts above 5,500,000 or below 5,000,000 per 
c.mm.; hemoglobin above 70 per cent or below 60 per cent (New- 
comer); white cell counts below 6,000 or above 8,500 per c.mm.; low 
eosinophile, high monocyte, or high l}’mphocytc counts. 

4. No animal with any of the following findings prior to inoculation 
recovered completely from the tumor as determined by auto{)sy 
examination: red cells above 5,500,000 per c.mm. of blood; hemoglo- 
bin above 70 per cent; total while cells above 10,000 per c.mm.; 
cosinophiles below 120 per c.mm., or below the relative value of l..> 
per cent; basophiles below 400 per c.mm., or below the rtdative value of 
6 per cent; lymphocytes alx)vc 3.6(X) per c.mm.; monocytes alcove 
1,500 per c.mm.; neutrophiles al>ovc 5.f>l>4 ]>er c.mm.; and total granu- 
lar cells al>ove 5,700 per c.mm. 
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In the case of each of the following pre-inoculation values, only 1 
animal was completely free from tumor at autopsy: hemoglobin below 
60 per cent; red cells below 4,800,000 per c.mm.; total granular cells 
below 3,300 per c.mm.; total non-granular cells below 2,300 per c.mm.; 
total non-granular cells above 3,700 per c.mm. No animal with pre- 
inoculation eosinophiles above 3.9 per cent, or basophiles above 16 
per cent died from the tmnor. 

5. The blood findings before inoculation could be related to the 
character and outcome of the malignant disease, from the stand- 
point of animal groups as well as in the case of individual rabbits. 

6. From the results of the experiments here reported, it seems pos- 
sible to predict ^vith an accuracy of betAveen 80 and 90 per cent the 
individual resistance or susceptibility of rabbits to the tumor by a 
study of their blood cells before inoculation. 
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In the course of some experiments designed for comparison of the 
properties of the filtrable agents of chicken tumors with those of typical 
viruses, it was noted that when the tumor agent was brought in con- 
tact in vitro with those tissues of susceptible animals in which the 
tumor grows well, for example, muscle, it was adsorbed and fixed — 
or inactivated — while similar tissues from non-susceptible fowls or 
other animal species were inert in this respect (1). On the other 
hand, vaccine virus, which thrives in the testicle, was not inactivated 
by contact in vitro with testicle extract, but had its infectivity enor- 
mously increased by this treatment (2). This phenomenon, the en- 
hancement of infectivity by testicle extract, has thus far proved to 
be universal for a great variety of viruses and bacteria (3). Work 
has recently been done tending to prove that the testicle extract 
acts by causing an increase in tissue permeability (4)* The present 
study deals with the effect of testicle extract on the growth of a trans- 
plantable carcinoma of tlic rabbit, its action being contrasted with 
that of normal serum, which ordinarily interferes with the activit}’* of 
most infective agents. 

^^aicria! aftd Method 

The Brown-Pcarcc epithelioma of the rabbit, a tumor having its origin in the 
hair sheaths of the scrotum (5), has been used for these experiments. This tumor 


' A prcliminarx* report of this work appeared in Scia:ce, 1930, 72, 00^. 

•This investigation was carried out by means of funds from the Rutherford 
Donation. 
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has the peculiarity that progressive growth rarely results from inoculations in 
locations other than the testicle and brain. Subcutaneous or intracutaneous 
grafts will grow for a time but almost invariably retrogress, a fact which is difficult 
to explain, considering that a testicle graft often gives widespread metastases to 
the skin. 

The rabbit tumor is prepared by chopping finely and then squeezing through 
gauze in order to get an even suspension of the cells. Before inoculation the 
material is diluted to two to three times its volume with Ringer^s solution. The 
testicle extract is prepared by grinding the pure glandular tissue of rat, rabbit or 
bull testicle with sand and an equal volume of Ringer^s solution. The mixture is 
centrifuged to remove the cell debris and sand. Extreme precautions against 
contamination must be observed throughout, to exclude incidental infection which 
would be enhanced by the extract. 

Siisccptihility of Rabbiis to l7itracuta7teo2is Inoculations of the Tnmor, — Pre- 
liminary tests showed that if a rich cell suspension of healthy, primary tumor or 
its metastases was used for the intradermal inoculations, as many as twelve such 
inoculations could be made in a single rabbit yielding tumors of approximately 
uniform size. Most of the skin tumors retrogress after 2 weeks of steady growtli, 
during which they reach a diameter of about 3 cm. 


TABLE I 


Tumor cell suspension plus 

No. of ; 
inocula- 1 
tions j 

Larger 

growth 

than 

control 

Same 
growth as 
control 

Smaller 

growth 

than 

control 

No 

growth 

Rat testicle extract 

16 

0 

0 

2 

14 

Rabbit testicle extract 

16 

0 

1 

6 

9 

Rabbit serum 

32 

19 

I 10 

I ^ 

0 

Ringer’s solution (control) 

20 

1 



0 


Aclton of Rat and Rabbit Testicle Extract and Rabbit Serum on the 

Rabbit Tumor 

Thick celj suspensions were prepared from the rabbit tumor as described above. 
These were divided into four portions. To each portion was added respectivel}’^ 
one of the following solutions; rat testicle extract, rabbit testicle extract, serum 
from normal rabbits or Ringer’s solution. These suspensions were kept in tubes 
at 37®C. for from 2 to 3^ hours, during which period the tubes were shaken several 
times. After the incubation 1 cc. of each mbeture was injected intradcrmally, 
two or more inoculations of each mixture being given to each rabbit. By this 
system each rabbit carried all of the tests as well as the control, thus ruling out the 
disturbing factor of indhndual differences in susceptibility. The results of five 
experiments, in which ten rabbits were inoculated in from eight to ten different 
areas each, are summarized in Table I. 
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As a parallel to the above experiment, eight animals were inoculated in the 
testicle with a mixture of tumor cell suspension and rat testicle extract. This 
was controlled by another group of eight rabbits inoculated in the testicle with the 
same cell suspensions diluted with Ringer’s solution, and kept under the same 
conditions. The results showed some indication of inhibition of growth by the 
testicle extract. 

The above experiments show conclusively that both rat and rabbit 
testicle extracts interfere with or even inhibit altogether the growth 
of the rabbit epithelioma in the skin. On the other hand, normal 
rabbit seruni seems just as definitely to augment the growth of the 
tumor cells (Figs. 1 to 4) . When the tumor and testicle extract mixture 
is inoculated into the testicle there is some indication of inhibition, 
but it is not so definite as on intradermal inoculation. 

The Effect on Tumor Cells of Fresh Btdl Testicle Extract and a Puri- 
fied Fraction. — There is no indication in the foregoing experiments 
that the factor in the testicle extract inhibiting the growth of the 
rabbit tumor is identical with that which enhances infections and in- 
creases the permeability of tissues. In collaboration with Claude and 
Helmer, the fraction of testicle extract carrying the enhancing factor 
has been carried to a high degree of purity.® The entire enhancing 
value of 100 gm. of bull testicle has been isolated in 0.4 gm. of the puri- 
fied fraction, a stable material with a very low protein content. This 
fraction retains the spreading power for inert particles. In the next 
group of experiments a comparison has been made of the action of 
fresh bull testicle extract with that of the purified infection-enhancing 
factor. 

Experiment . — Five experiments were made using the same methods as described 
above, the test materials being the full extract and the purified fraction of bull 
testicle. In four of the experiments the rabbit tumor and the solution were kept 
in contact for from 1 to 2 hours at room temperature before inoculation into rab- 
bits, and in the fifth experiment they were inoculated immediately after mixing. 
The results arc summarized in Table II, 

Comparing the results of these experiments with those shown in Table I it will 
be noted that while fresh bull testicle extract has a definite inhibiting action on 
the tumor, it is not quite as active as the extract of rabbit or rat testicle. The 
length of contact before inoculation seems to be of no importance. The purified 
fraction gives even more pronounceti results than the full extract. V.'hi!e tins 

® The details of this technique will be given in another paper. 
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finding does not establish the point indubitably, it suggests strongly that the 
factor in the testicle extract which is responsible for the enhancement of infections 
is also active in inhibiting the growth of the rabbit tumor. 

Effect of DiUition of the Testicle Extract . — In order to determine the 
effective strength of the testicle extract the consequences of dilution 
■were studied. 

Rabbit tumor cells were kept in contact for 2^ hours with undiluted rabbit 
testicle extract and with the extract diluted 1 : 10, 1 : 100 and 1 : 1000. At dilu- 
tions of 1:100 or over the inhibiting action was no longer evident. The same 
result was obtained in two other experiments in which bull testicle extract was 
used. The findings in a tj^pical experiment are shown in Table III. 


TABLE n 


Tumor cell suspension plus 

No. of 
inocula- 
tions 1 

Larger 

growth 

than 

control 1 

1 

Same 
growth as 
control 

Smaller 
growth i 
than 
control 

No 

growth 

Fresh bull testicle extract 

8 

0 

0 

8 

0 

Purified bull testicle extract 

36 

0 

2 

20 

14 

Ringer’s solution (control) 

44 



j 

0 


TABLE ni 


Tumor cells plus 
rabbit 

testicle extract 

No. of tests 

! 

Larger growth 1 
than control 

Same growth i 
as control 

Smaller growth 
than control ! 

No growth 

Undiluted 

2 

0 

0 

0 

2 

1:10 

2 

0 

0 

1 

1 

1:100 

2 

0 

2 

0 

0 

1:1000 

3 

0 

3 

0 

0 


In two instances in which the rabbits were inoculated in the skin 
with a mixture of tumor cells and diluted testicle extract, the tumor 
did not retrogress as it almost always does when inoculated alone, but 
continued to grow and gave ■widespread metastases. This suggests 
the possibility that the diluted extract may act as a stimulant. 

DISCUSSION 

The experiments here reported show that a factor existing in rat, 
rabbit and bull testicle extracts strongly interferes ■with or altogether 
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inhibits the growth of a transplantable rabbit epithelioma. These 
findings are in strong contrast with those on the influence of the same 
organ components upon bacterial or virus infections. Whether the 
factor adversely affecting tumor is the same that enhances infections 
and increases the area of spread of injected material has not yet been 
absolutely determined. However, the fact that the highly purified 
enhancing factor from bull testicle manifests both spreading power 
and an inhibiting influence on rabbit tumor makes it seem probable 
that the same factor is responsible for all of these manifestations. 
The evidence so far gathered suggests that the increased tissue and 
probably cell permeability (6) brought about by the active testicle ex- 
tract is the mechanism behind the phenomenon. The relation of this 
factor to certain other activities of testicle extract, the stimulation of 
normal and malignant cell multiplication m vitro (7) and in vivo (8), 
is as yet imestablished. 

SUMMARY 

Extract of rat, rabbit or bull testicle prevents or retards the growth 
of a rabbit tumor when a mixture of the extract and a tumor cell 
suspension is inoculated intradermally. Similar mixtures, made with 
normal rabbit serum instead of testicle extract, give rise to tumors 
which grow with unusual rapidity. The results are the opposite of 
those obtained with pathogenic bacteria or filtrable viruses wliich arc 
enhanced by testicle extract and generally inhibited by normal serum. 
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EXPLANATION OF PLATES 
Plate 48 

Fig. 1. Right side. (1) and (2) Tumors resulting from intradermal inoculation 
of tumor cell suspension diluted with Ringer’s solution. (3) and (4) Tumors 
resulting from inoculation of tumor cells and testicle extract. 

Fig. 2. Left side. Results of inoculation in four areas of tumor cells mixed 
with rabbit serum. 


Plate 49 

Fig. 3. Right side. (1) and (2) Results of intradermal inoculation of tumor 
cell suspension + rat testicle extract. (3) and (4) Results of inoculation of tumor 
cell suspension + rabbit testicle extract. (5) and (6) Results of inoculation of 
tumor cell suspension + Ringer’s solution. 

Fig. 4. Left side. Results of inoculation of tumor cell suspension + rabbit 
serum in the four areas. 
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Young mice of 17 to 19 gm. were used. They had free access to water at all 
times and remained lively throughout the thinning period of 7 to 9 days. When 
the weight had fallen to 10 to 12 gm., dye was injected. In type experiments 
Chicago blue 6B was used in a half strength solution isotonic with the blood (a 
water}^ 17.0 per cenU solution mixed with an equal quantity of Locke’s solution), 
0,08 to 0.1 cc, being given in the course of a minute. Decapitation was done 
6 to 10 minutes later, the animal was pinned on a board at once, and a skin flap 
everted. The hair was oiled where it was to be cut through, in order to prevent 
a scattering of ends on the exposed surface. With blunt scissors a first slit was 
made along one side in the axillary line and this was extended transversely across 
the upper and the lower abdomen to the other side. The flap Avas freed from the 
web-like underlying tissue with the scissors, and everted and brought in contact 
with a piece of microscope slide, to which its moist surface at once adhered. Special 
care was taken to prevent distortion or stretching. The preparation could now 
be inspected under the binocular dissecting microscope by the cooled light used 
in our previous work (1) . The hair provided an underlying ground of white against 
which the local color differences stood forth brilliantly. Even the gentlest shaving 
before injection of the dye resulted in much disturbance of the local circulation, 
with not a few vascular areas closed off, and irregular staining. 

Chicago blue 6B is a poorly diffusible dye (1), as evidenced in vivo by its tardy 
escape from the vessels and its slow secondary spread. It colors the mouse much 
faster than the rabbit, yet a considerable period elapses before the skin becomes 
evenly stained. In mice killed 6 to 10 minutes after injection the everted flap 
has a remarkable appearance (Fig. 1). It is everywhere stippled with small blue 
dots on a ground which is unstained, appearing white because of the hair beneath. 
The dots are 0.1 to 0.2 mm. across, 1/2 to 1.0 mm, apart, and in the midst of 
each ramifies a solitary, contorted, venular tree (Figs. 1, 3, and 4). Some of the 
corresponding arterioles still contain sufficient dye for the fact to be made out that 
they are interspersed between the venules with notable regularity, and that each 
passes to the center of an unstained area (Figs. 3 and 4). The colored dots are 
most widely separated in the neighborhood of the midline, where vessels in general 
are fewest and the staining least. Here also the muscle of the panniculus carnosus 
is practically non-existent (Fig. 6), whereas toward the sides it thickens, as docs 
the connective tissue also, and some general staining is superimposed upon the 
dotting. In the thinned mice fat has practically disappeared from the skin, and, 
looking at its under side, one can make out the butts of the hairs, in short, irregu- 
lar ranks of special whiteness (Fig. 3). 

In animals allowed to live more than 10 minutes after the dye injection, some 
general staining of the corium takes place. This docs not come about by an en- 
largement and coalescence of the colored dots. They remain discrete but are 


^Much more of the purified material now employed is required to make 
an isotonic solution than of that used in our previous studies. 
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gradually lost in an even coloration, the result of an escape of dye from the 
capillaries everywhere (Fig. 2). 

Condiiions Localizing the Escape 

The spread of Chicago blue through the cutaneous tissue after death 
is so slow that differences in its local distribution can be scrutinized 
at leisure. Under the microscope one sees on the under surface of the 
skin, slightly to one side of the midline, atracery of fine, roughly parallel 
blue lines, — the dye-containing capillaries suppl)dng the scanty fibres 
of the panni cuius carnosus (Fig. 5). Focussing shows that the 
perivenular spots of color lie beyond, in the corium. The arterioles 
supplying the latter pass almost vertically to it, and so also vnth the 
corresponding venules. Between the vessels of the two sorts only 
capillary channels can be made out in the corium, and these but oc- 
casionally since most are empty of the dye-stained blood. Cleared 
preparations from mice injected with India ink gelatin mass (Fig. 5) 
show the vascular arrangement excellently described by Kreyberg 
for the skin of the back (3). Separate arterial and venous networks 
beneath the panniculus connect with the capillaries of this muscle sheet 
and send off branches that pierce it to join other, finer-meshed, net- 
works just superficial to it. From these in turn small, solitar}' ar- 
terioles and venules pass at almost regular intervals to the capillar}” 
network in the corium. The staining with Chicago blue is localized 
to the tissue in the neighborhood of these final venules. Hence the 
dotting with color seen in the gross. 

The singular localization of the staining suggests the probability 
that there are special structures for w^hich the dye has an affinity. 
But microscopic sections stained with eosin and methylene blue (or 
hematox}din) have failed to disclose any such. The mammary gland 
lies beneath the panniculus (4) and can be ruled from account. '^Tlic 
hair follicles fail to “take” the vital dyes, their arrangement has no 
relation to the dotting witli color, and except for them the stratum 
composing the corium appears to have tlie same general texture every- 
where in the region studied (Fig. 6). The subcutaneous fatty layer 
had practically disappeared in our thin animals; and it docs not stain, 
nor is it so situated as to be responsible for the localization of color. 
Even in well nourished mice there is almost no fat in the corium itself 
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of the abdominal region. Furthermore the edges of the colored dots 
are ill defined, fading off gradually; and all dye can be forced out of 
the corium by gentle pressure, leaving it unstained,' — facts both which 
indicate that it is dissolved in the tissue fluids. And finally, dotting 
of the same sort is produced with other dyes fitted by their rate of 
diffusibility to disclose it, namely, pontamine blue, tiypan red, and 
brom phenol blue. True, the capillaries are so permeable to tliis 
last that it must be injected very rapidly and tlie corium examined 
practically at once if the dotting is to be perceived amidst an intensi- 
fying general coloration; while with trypan red the examination cannot 
be much deferred. But these differences are obviously dependent, 
like tliose in voluntary muscle (1), upon the degrees of diffusibility 
of the dye stuffs. 

Can local vascular differences be responsible for the stippling of the 
corium with color? One such difference is very evident. The con- 
torted, venular trees offer a far greater surface for escape of dye 
from the blood than exists elsewhere. But the dye is not narrowly 
localized next the venular wall nor does it extend therefrom secondarily 
to form the spots of color. These arise in situ and they extend con- 
siderably beyond the region in which the venular tree is situated. To 
explain their relatively large dimensions one must suppose some dye 
to have got out from the portion of the capillaries adjoining the ven- 
ules. Injected specimens show that in the neighborhood of the latter 
the capillary web is not especially abundant, nor are the channels 
wider there (Fig. 5). 

The Escape into the Skin of the Ear 

It is impossible to watch directly the spread of dyes from the blood 
into the skin of the body of the li\'1ng mouse. But the ear presents 
excellent opportunities for this. 

The mouse ear offers great advantages for the stud 3 ’ of vascular phenomena, 
yet it has been little utilized. Leonard Hill has made pressure c.\'periments upon 
it (5) ; and Lehmann (6) states that he had been able to see tripanosomes in the 
blood passing through it. Frohlich and Zak (7) give the only description of the 
arrangement of the vessels that •v\-e have been able to find; but, while adequate for 
their purposes, it does not pro\'ide the information neccssaiy for ours. 

Young mice of 14 to 20 gm. have more transparent cars than older ones, while 
in the latter, furthermore, ecchymoscs of stain often develop, traceable to injuries 
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not easily recognized beforehand. A young animal of 20 gm, injected into a tail 
vein with 0.08 to 0.1 cc. of half strength Chicago blue solution during the course 
of a minute, manifests no symptoms, but the ear becomes pale azure, with thread- 
like dark vessels sharply outlined \mdei the microscope (Fig. 9). They stand 
forth against a backgroimd as of shimmering ground glass (the imderl>dng fat). 
After 2 to 3 minutes a patchy coloration begins of the tissue about some of the 
vessek, and within 5 minute? this has become marked (Fig. 10). With the binocu- 
lar microscope one can see that the dye has passed out into the tissue traversed 
by the further portion of the capillary web and the smallest collecting venules, 
while no staining whatever has ocoured as yet in the region occupied by the 
proximal part of the web and the arteriolar ramifications. 

Microscopic observations are best made under ether or luminal, with the mouse 
so arranged on its belly in a shallow trough of plasticine that the ear stands free 
and vessels leading to it are not pressed upon. The hair need not be removed, 
but the skin should be oiled with neutral paraffin oil. Under the ear at a dis- 
tance of 2 or 3 mm. is fixed an ovoid or triangular plate of opaque, white glass on a 
dais of plasticine, and the light of the arc is directed obliquely to illumine both 
glass and ear. In the combination of transmitted and reflected light thus pro\'idcd 
the spread of dyes from the blood can be readily followed. For photographic 
purposes the ear is momentarily flattened in oil between the white plate and a 
coverslip (Figs. 9 and 10). Under such circumstances, the passage of individual 
red cells along the capillaries is easily discerned. But even the slight pressure 
of the coverslip alters the rate of staining and should be avoided. 

After an injection of Chicago blue the vessels do not dilate, but the stained 
blood gives them almost the sharpness of a woodcut. The larger ones, veins and 
arteries together, radiate in a fan on the upper side of the ear, breaking up near 
its margin into a multitude of fine branches so interlaced that here it is often diffi- 
cult to determine the type of vessel from which the dye first escapes. Between 
the sticks of the fan, though, the situation is better defined. One secs solilar>' 
arterioles and venules (Figs. 9 and 10) with only capillaries in the tissue between, 
indistinct faint blue lines which bend and loop. The posterior quadrant of the car 
yields the clearest pictures. 

The first escape of dye, occurring 2 to 3 minutes after the injection, 
stains the tissue lying immediately about the least venules; but al- 
most as it docs so the adjacent tissue turns blue too, so that an irregular 
colored strip is formed, with fading margins and the venule at its 
center. There can be no doubt, however, that exlravascular dye is 
first perceptible in the tissue immediately next the venules; but it 
undergoes no evident lateral spread. After 15 minutes the strips are 
mudi more intensely blue than at first and definitely larger. In the 
gross the car appears brilliantly patched wdlh blue. Each patch or 
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Strip can be seen with the microscope to be separated from the nearest 
dye-containing arteriole by a region of unstained tissue, supplied by 
capillaries only, which is often nearly 1 mm. across but averages about 
1/2 mm. (Fig. 10). Such regions become diffusely stained later, but 
the strips of intense blue are often discernible for more than an hour 
amidst the deepening color. 

Striicinre of the Ear 

The precise situation of the dye can be readily determined. Stained 
cross-sections show that the ear has a central lamella of cartilage 
with a fatty layer to either side, overlain by corium and epidermis 
(Figs. 7 and 8). Amidst the fat on the outer surface are irregular 
aggregates of short voluntary muscle fibres. These form an almost 
continuous flaring layer near the base of the ear but further out are 
scattered, and in the region we have studied, near the margin, are 
wholly lacking. The fan of large vessels lies on the outer side just 
under the corium. If a patchily stained ear is cut off, seized at its 
base with forceps and pulled apart, it separates into two layers, the 
outer, thinner one consisting only of corium and epidermis ^vith some 
scattered, easily recognizable fat cells and tlie fan of vessels. The 
relation of the patchy staining to these last remains unchanged, and 
one perceives that the coloration is limited to the corium. Or the 
intact ear can be cut across with a sharp razor and inspected microscopi- 
cally, edge on, in paraffin oil. One sees then that the fatty tissue and 
epidermis have not stained, and the cartilage only where it is thickest, 
and there lightly and evenly. The blue patches lie entirely in the 
corium. Hair follicles are equally numerous in the patched and un- 
stained regions. They have not colored. Staining is least pronounced 
near the margin of the ear, because here the corium is thin and the 
follicles numerous. 

The fatty layer on the inner (under) side of the cartilaginous lamella 
is shallow and incomplete, and the corium appears thick in com- 
parison with it (Figs. 7 and 8). Both are supplied by derivatives 
from the fan vessels which pierce the cartilage vertically here and 
there to ramify and form wide meshed networks beneath it. When the 
ear of the living animal is viewed on its inner side, arteries and veins 
are seen to emerge together through a brilliantly translucent partition 
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as of minute glass beads (the cartilage) , and to branch like spider angio- 
mata or contorted dendrites. Here again a blue patching can be seen 
to develop after the injection of Chicago blue, and one observes that it 
is localized to the tissue in the neighborhood of the venules. 

The ears of mice injected with a gelatin mass containing India ink show 
far more vessels than Chicago blue renders visible (Figs. 11 and 12). Ex- 
cellent preparations can be obtained wben the aorta and vena ca\^ arc 
clamped off above the diaphragm just before the vessels of the head are washed 
out and injected by way of a cannula passed up into the aorta through the 
left ventricle. Not only is each large vein in the fan-work accompanied by an 
artery, but so too with most of the secondarj’* and even tertiary branchings. Be- 
tween the sticks of the fan, however, are some regions supplied and drained by 
solitary vessels; but such regions are far fewer and smaller than one would expect 
from the study of living animals with dye-stained blood. W^en the cars of these 
are closely scrutinized, one finds many regions in which there is no blood flow, 
the red cells being stationary where present at all. The smaller venules from such 
regions are devoid of dye. Evidently circulation is not taking place through the 
entire vascular bed but is much restricted, as is normally the case in the cars of the 
dog, cat, and rabbit (8). If an India ink suspension is rapidly throum into the 
blood and its advancing dark columns are followed, one secs that they go, not 
from the arterioles to the nearest venules, but across gaps about 0.5 mm. wide 
bridged only by capillaries. 

No arteriovenous anastomoses such as c.xist in some other species (9) have been 
detected anywhere in mouse cars cleared after injection with gelatin mass con- 
taining India ink; nor does dye or ink injection during life disclose the presence of 
any, even when the distribution of these substances has been slowed by pressure 
on the vessels at the base of the car. Such anastomoses, if they exist, play no part 
in the phenomena with which this paper is concerned. 

As already stated, the main vessels of the car arc situated on its outer side. 
In proportion as they brandi they tend to become more supcrfidal, and the 
smaller ones, whicli supply the corium \dth capillaries, lie next this layer or within 
it (Figs. 7 and 8). Capillaries arc given off also to the fat, but with these we arc 
not concerned since the adipose tissue shows no color; and there arc deep ones 
supplying the volunlaiy muscle. The muscle capillaries arc easily recognizable 
as grids of crowded, minute, parallel vessels (Fig. 11). They arc definitely lers 
permeable to dyes than the capillaries of the corium, but arc so close set and 
numerous that ihc stained blood within them causes darkenings near the middle 
of the car (Figs. 13 and 14). The anterior third of the organ is thicl:er than tf:c 
rest, more hair>’, and possesses in the corium a mesh work of large, vcr>* perm table 
capillaries. This region we have not studied. 

In vitally stained mice the arterioles can be traced to t!*.eir l;;>f Ixeaure :hrv He 
in iif<;uc that for long is un?taine«i. Tlicir lumen is reduced to even !tf * than cap;]- 
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strip can be seen with the microscope to be separated from the nearest 
dye-containing arteriole by a region of unstained tissue, supplied by 
capillaries only, which is often nearly 1 mm. across but averages about 
1/2 mm. (Fig. 10). Such regions become diffusely stained later, but 
the strips of intense blue are often discernible for more than an hour 
amidst the deepening color. 

Structure of the Ear 

The precise situation of the dye can be readily determined. Stained 
cross-sections show that the ear has a central lamella of cartilage 
with a fatty layer to either side, overlain by corium and epidermis 
(Figs. 7 and 8). Amidst the fat on the outer surface are irregular 
aggregates of short voluntary muscle fibres. These form an almost 
continuous flaring layer near the base of the ear but further out are 
scattered, and in the region we have studied, near the margin, are 
wholly lacking. The fan of large vessels lies on the outer side just 
under the corium. If a patchily stained ear is cut off, seized at its 
base with forceps and pulled apart, it separates into two layers, the 
outer, thinner one consisting only of corium and epidermis with some 
scattered, easily recognizable fat cells and the fan of vessels. The 
relation of the patchy staining to these last remains unchanged, and 
one perceives that the coloration is limited to the corium. Or the 
intact ear can be cut across ^vith a sharp razor and inspected microscopi- 
cally, edge on, in parafiin oil. One sees then that the fatty tissue and 
epidermis have not stained, and the cartilage only where it is thickest, 
and there lightly and evenly. The blue patches lie entirely in the 
corium. Hair follicles are equally numerous in the patched and un- 
stained regions. They have not colored. Staining is least pronounced 
near the margin of the ear, because here the corium is thin and the 
follicles numerous. 

The fatty layer on the inner (under) side of the cartilaginous lamella 
is shallow and incomplete, and the corium appears thick in com- 
parison with it (Figs. 7 and 8). Both are supplied by derivatives 
from the fan vessels which pierce the cartilage vertically here and 
there to ramify and form wide meshed networks beneath it. When the 
ear of the living animal is viewed on its inner side, arteries and veins 
are seen to emerge together through a brilliantly translucent partition 
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lary size before they break up. The open capillaries are from Sjj. to lOju in diame- 
ter, averaging 6/i, the first venules 6 to 18m, the next larger 37 m as an average, 
the branches into which they give 60 to 75m, the primary branches 75 to 150m, 
and the large, fan veins 100 to 175m. Even the largest veins are notablj’^ thin- 
walled, and those from which staining occurs show only a single layer of endothelial 
cells, in ordinary cross-sections. 

The capillaries of the corium are no more numerous near the venules than else- 
where, and they first undergo enlargement when entering these vessels, as can be 
well seen where they enter at right angles. Where the venule continues the 
direction of the capillarj'’, it is impossible to say precisely where one begins and 
the other leaves off. 

As this description brings out, the vascularization of the corium of 
the ear differs from that of the body only to the extent necessitated by 
the shape of the organ. The vessels of the ear lie much more nearly 
in one plane because of the general flattening. The arterioles and 
venules do not rise almost vertically toward the surface and branch 
to all sides but ramify in the direction of the margin of the ear. Hence, 
as vital staining takes place vdth Chicago blue, one sees strips of color 
form, not rounded dots sucli as appear in the skin of the body. But 
the difference is merely superficial. The localized staining is traceable 
in both cases to a special escape of dye from the blood in the region 
of the venules and the further portion of the capillaries. The same 
holds true with other dyes, pontamine blue, trypan red, trypan blue, 
brom phenol blue (Fig. 13), and even the very highly diffusible 
patent blue V (Fig. 14). All were injected in isotonic solution (1). 
The variety of the dyes, and the ease with which all color can be 
forced from the stained tissue by general pressure rule out a fixation 
upon the structures of the ear. 

The Gradient of Vascular Permeability 

The venular trees are broader and more contorted in the ear than 
in the skin of the abdomen, sometimes actually corkscrewed, and 
their numerous, fine branches are like vddened capillaries. They 
provide a relatively great expanse of wall through which escape can 
take place from the blood. That the local conditions are especially 
favorable to this is shown by the course of the staining, as already 
described. Pontamine blue escapes from only the smallest of the 
venules, but Chicago blue, which is more diffusible, passes through the 
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walls of the veins of next larger size as well, and trypan red, brom 
phenol blue, and patent blue V get out of veins of still greater magni- 
tude. 

Can the patching with dye be explained entirely by an escape from 
the venules, with secondary distribution through the tissue? The 
differing course of events with dyes of graded diffusibility provides 
the answer to this question. 

Pontamine sky blue, the most indiffusible of the dyes mentioned, 
passes out of the blood more slowly than Chicago blue, the patching 
is more closely localized next the venular trees, and the generalized 
staining in which the patches eventually are lost takes longer to 
develop. The dye should be injected in an isotonic half strength 
solution (a 10.8 per cent watery solution mixed with an equal quantity 
of Locke’s solution (10)), 0.1 cc. for a 20 gm. mouse. The relatively 
diffusible brom phenol blue (1) must be put into circulation quickly 
if sufficient is to reach the venules for local differences in the staining 
of the corium to be perceptible. When given gradually so much passes 
out from the capillaries that no intenser staining can take place further 
on from the depleted blood. When quickly injected (0.15 cc. of a 4 
per cent watery solution for a 20 gm. mouse) some pale, general stain- 
ing of the ear appears within a minute, and superimposed upon this 
a deeper patching round about the venular trees (Fig. 13). The patches 
arc broader than with Chicago blue or pontamine blue, and, as in the 
case of these dyes, they develop sHu, not by lateral spread from the 
venules. In comparison with them the tissue occupied by the proxi- 
mal capillar}’' meshes and arterioles appears almost un*stained. After 
less than five minutes the coloration has become uniform throughout 
the car. When the very higlily diffusible patent blue V (0.15 cc. of 
an 8 per cent solution for 20 gm. of mouse) has been thrown abruptly 
into the blood the car rapidly becomes blue everywhere; but patches 
of intenser color develop with venular trees in their midst, despite 
the fact that the plasma has lost mudi of its dye along the capillar}" 
way (Fig. 14). After about 2 minutes the patching is lost in a general 
staining. 

The diangcs arc slower in etherized animals. Tests have shown 
that the differences with the dyes arc not referable to differences in 
dosage. 
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The patching caused by the highly diffusible dyes cannot be the 
result of lateral spread from the venules, since it develops in situ and 
very rapidly. It is soon lost in a general staining. The capillaries 
are evidently permeable to such dyes throughout their length, but 
most permeable in their further portion. 

Several facts speak for a permeability of the venule wall exceeding 
that anywhere along the capillary, and for an increasing permeability 
of the waU of the latter as the vein is neared. When pontamine blue 
has been introduced into the blood the tissue supplied from the proxi- 
mal part of the capillary network remains unstained for about IS 
minutes after a brilliant blue patching has appeared in the venular 
region. With Chicago blue the period is less; while with the other 
dyes a general staining develops within 2 or 3 minutes at most, the 
time varying with their diffusibility. In the case of poorly diffusible 
dyes (pontamine blue, Chicago blue) the local differences mentioned 
persist far too long to be explicable on the basis of relative amounts 
of vessel wall through which dye can escape; and with the highly dif- 
fusible patent blue V this factor would seem to be more than counter- 
balanced by a great loss of the pigment from the blood as it flows along 
the capillary way, a loss plainly evident in the relatively light hue of 
the contents of the venules, — from which vessels, nevertheless, escape 
is most abundant (Fig. 14). The fact has already been mentioned 
that the capillaries, while exhibiting great individual variation in 
calibre, do not increase in width on the way to the venule. Never- 
theless with a dye of medium diffusibility (brom phenol blue) a graded 
increase in tissue staining takes place along the greater part of this 
way. With less diffusible dyes a similar gradation is limited to the 
distal portion of the meshwork; while with the very highly diffusible 
patent blue V the rapidly diminishing concentration of the dye as the 
blood flows along the capillary sulSciently accounts for the lack of a 
graded staining save near the venules where the opportunity for passage 
into the tissues is especially good. The even staining with all the 
dyes, that succeeds upon the patching, is sufScient evidence that there 
is plenty of stainable corium everj^here. 

In the course of work to be reported later with Dr. McMaster and 
Dr. Hudack the circulation to the mouse ear was temporarily cut off 
without damage by compressing the large vessels at its base between 
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a glass plate and a narrow, sausage-shaped, collodion bag. After this 
had been done, Chicago blue was injected, a minute or two allowed 
for it to distribute itself in the blood, and then the circulation was per- 
mitted to reenter the ear. Vascular relaxation had occurred as the 
result of anoxemia and the entire network filled at once with dark blue 
blood. Immediately that this happened all flow was cut off again. 
And now in the course of a few minutes a light staining took place 
vnth the usual patchy distribution. One could see that the plasma 
in the venules lost color first, — despite the relatively unfavorable ratio 
of wall area to vessel content, — with decolorization in the adjoining 
capillary region a little after. The blood in the proximal part of the 
capillary meshwork and in the arterioles, — which did not contract, — 
was still dark blue. 

It seems certain from these highly various observations that the 
opportunity for escape from the blood increases considerably along the 
capillaries but is greatest in the venular region. 

Most of the substances carried by the blood are more diffusible 
than patent blue V, the best in this respect of the dyes used (1); but 
the serum proteins are considerably less diffusible than pontamine 
blue, which stands at the other end of our series. Yet serum proteins 
normally pass from the blood in no inconsiderable quantity, and arc 
found to the amount of 1 to 2 per cent in the l}Tnph from an extremity 
(11). Dr. Hcidelberger has kindly provided us with two colored azo- 
albumins, a red compound (12) and a green one, for utilization in 
tests of the permeability of the cutaneous vessels. The green azo 
compound caused vascular injur}’', as showm by ecchymotic staining; 
but the red one produced no symptoms nor evident lesions, even when 
concentrated to a 9 per cent solution and injected to the amount of 
0.2 cc. The ear of the injected animal became gradually and evenly 
pink in the course of the succeeding half-hour. Since all free dye had 
not been removed from the preparation, and there had been abundant 
time for a secondaiy distribution of the coloring matter, the finding 
was uncertain in its implications. For this reason Chicago blue 6B 
was linked with egg albumen in our laborator}", the last trace of free 
dye removed, and concentration cfTected in isotonic saline by differ- 
enlial filtration under pressure through a collodion membrane perme- 
able to the dye but not to its combination vdth protein. The mate- 
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The patching caused by the highly diffusible dyes cannot be the 
result of lateral spread from the venules, since it develops in situ and 
very rapidly. It is soon lost in a general staining. The capillaries 
are evidently permeable to such dyes throughout their length, but 
most permeable in their further portion. 

Several facts speak for a permeability of the venule wall exceeding 
that anywhere along the capillary, and for an increasing permeability 
of the waU of the latter as the vein is neared. When pontamine blue 
has been introduced into the blood the tissue supplied from the proxi- 
mal part of the capillary network remains unstained for about 15 
minutes after a brilliant blue patching has appeared in the venular 
region. With Chicago blue the period is less; while with the other 
dyes a general staining develops within 2 or 3 minutes at most, the 
time varying with their diffusibility. In the case of poorly diffusible 
dyes (pontamine blue, Chicago blue) the local differences mentioned 
persist far too long to be explicable on the basis of relative amounts 
of vessel waU through which dye can escape; and with the highly dif- 
fusible patent blue V this factor would seem to be more than counter- 
balanced by a great loss of the pigment from the blood as it flows along 
the capiUary way, a loss plainly evident in the relatively light hue of 
the contents of the venules, — ^from wliich vessels, nevertheless, escape 
is most abundant (Fig. 14). The fact has already been mentioned 
that the capiUaries, while exhibiting great individual variation in 
calibre, do not increase in width on the way to the venule. Never- 
theless vnth a dye of medium diffusibility (brom phenol blue) a graded 
increase in tissue staining takes place along the greater part of this 
way. With less diffusible dyes a similar gradation is limited to the 
distal portion of the meshwork; while with the very highly diffusible 
patent blue V the rapidly diminishing concentration of the dye as the 
blood flows along the capillary sufficiently accounts for the lack of a 
graded staining save near the venules where the opportunity for passage 
into the tissues is especially good. The even staining •with all the 
dyes, that succeeds upon the patching, is sufficient evidence that there 
is plenty of stainable corium everyw'here. 

In the course of work to be reported later with Dr. McMaster and 
Dr. Hudack the circulation to the mouse ear was temporarily cut off 
without damage by compressing the large vessels at its base between 
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rial thus procured was far inferior in tinctorial value to Chicago blue 
and yielded only an equivocal extravascular coloration. 

DISCUSSION 

In voluntary muscle and in frog skin the arrangement of the vessels 
is so orderly that local differences in the opportunit}'- for dyes to 
escape along them find almost diagrammatic expression in colored 
patterns. In mammalian skin the vascularization is far less regular 
yet the findings prove that the opportunity for dyes to pass into the 
tissues increases along the further part of the capillaries and is greatest 
in the region of the venules. Here poorly diffusible substances mostly 
escape and the passage outwards of rapidly diffusible ones takes place 
most readily. That intrinsic local differences in the permeability of 
the vascular endothelium are responsible for the gradient of vascular 
permeability cannot immediately be concluded, however; for the 
fabric just outside may conceivably act as a reinforcing wall, local 
variations in it conditioning excliange. This possibility has been ex- 
cluded for the ear vessels by work to be reported later. 

That exchange between blood and tissues may take place in part 
through the walls of venules has long been inferred on anatomical 
grounds. As far back as 1896 (13) Starling wrote that “the production 
of tissue fluid is limited to the region of the capillaries and small 
venules.” Krogh has pointed out that in human skin there are prac- 
tically no capillaries except those in the papillae (8), and he infers that 
exchange with the tissues must take place mainly through the walls 
of the vemfles which he aptly terms “giant capillaries.” Lewis (14) 
believes that all of the small vessels are implicated in this activity 
and Kreyberg (3) has stated a similar view as concerns the vessels of 
the skin of the mouse. The significance of our venular findings lies 
in the evidence they afford that the opportunity for substances to 
escape from the blood into the tissues is not merely as good in the 
venules as in the capillaries but far better. In man the cutaneous 
venules are developed at the e.xpense of the capillaries (15), while even 
in the mouse their shape, broad and contorted, is manifestly unneces- 
sary to the mere collection of blood. The inference seem justified 
that the venules are differentiated for special purposes; and the known 
functions of the skin provide a clue to these. They demand not only 
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an abundant vascularization, with a highly complex controlling mech- 
anism, as Lewis has pointed out (14), but conditions which can be 
provided only by broad, thin-walled vessels with a slow current. 

The skin is a protective organ continually subject to slight traumata 
and to local infections. Cohnheim (16) noted that leukocytes get out 
much sooner and easier from venules than from capillaries; and Tan- 
nenberg (17), extending the obseiw’’ation, has reported that when these 
cells become attached to the capillary w^all, as a first step tow^ard emi- 
gration, they are buffeted by the swft current and frequently dislodged 
and whirled away. This does not happen in the venules, which provide 
ideal conditions for emigration. 

Under ordinary conditions, with many capillaries closed down, 
there is still a current in the venules, and here the opportunity for 
exchange with the tissues cannot but be best. The view has been 
advanced that the rapid current of capillaries is especially favorable 
to gas exchange with the tissues, and the slow^ stream of the venules 
to that of less diffusible substances (18). However this may be, there 
is no doubt that the latter, w4ien circulating transiently like our dyes, 
will get out in greatest proportion, other things being equal, w’here 
tlie current is slow\ Whether circulating antibodies and the blood 
proteins reaching the lymph pass out preponderantly through the 
walls of the venules, present evidence does not enable us to say. Doubt- 
less many factors condition their escape besides the immediate perme- 
ability of the vascular tube. 

In man the skin of the body acts importantly to regulate temperature, 
as it does not in furred animals. Lewis has pointed out the obvious 
rOle of the broad, superficial venous plexuses in this relation. And in 
mammals generally the skin is one of the main depots of reserve wMter, 
There are important occasions, notably after hemorrhage, when water 
must be mobilized rapidly for circulator}' purposes. 'Ihc broad, 
highly permeable vcnular channels provide opportunities for this. 
In a preceding paper wc have described vascular arrangements in the 
mammalian diaphragm and the pectoral muscle of the pigeon which 
arc olnnously adapted to the elimination of waste materials from tliesc 
actively functioning organs (10). 

It may be asked, wliy skin capillaries exist at all if venules do so v. cH? 
The question has special pertinence in the case of human skin with it^‘^ 
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great development of venules. But some pressure-regulating mech- 
anism there must be; and the capillaries are known to share with the 
arteries in this function. They withstand pressure as the thin-walled 
venules cannot, because of their Avide lumen. Diapedesis under pres- 
sure occurs first from the venules (16), and ecchymosis from these 
vessels is far more frequent than is generally recognized (19). Under 
circumstances of venous obstruction Tannenberg observed diapedesis 
taking place from the venules, then from the venous end of the capil- 
laries, and only later from the arterial portion of these latter, despite 
the fact that through them the pressure was transmitted tliat was 
responsible for the lesions (17). 

In preceding communications we have shown that in some regions 
an effective exchange with the tissues takes place through the small 
arterioles and venules, capillaries being few or absent where these run 
(1). From the point of view of exchange with the tissues no reason 
exists for a tripartite classification of the vessels of such regions. But 
in the skin the venules are not merely enlarged capillaries, function- 
ing like them. Besides serving for exchange with the tissues and for 
the collection of blood they have other important purposes. 

SUMMARY 

The permeability of the venules of the skin of the mouse greatly 
exceeds that of the capillaries. A mounting gradient of permeability 
exists along the further portion of the latter. 

The significance of these facts is discussed with relation to condi- 
tions in human skin. The cutaneous venules are differentiated for 
several functions besides those ordinarily attributed to them, and must 
be considered as specialized organs. 
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EXPLANATION OF PLATES 
Plate 50 

Fig. 1. Flap of the abdominal skin of a thin mouse, everted 6J minutes after an 
injection of Chicago blue, — to show the dotting ^^^th color. The staining is 
palest along the midline. The unstained rectangular area near the upper right 
hand corner is the navel. X 8. 

Fig. 2. A similar flap everted 45 minutes after the dye injection, — to show the 
generalized staining. Some deeper dots of color can still be made out. X 8. 

Fig. 3. A part of the preparation used for Fig. 1, more highly magnified. The 
stain can be seen to lie in the tissue round about the venules. Here and there the 
arterial network can be perceived (A, A) but the arterioles arc in\Tsiblc. The 
interrupted white lines are ranks of hair follicles. X 17. 

Fig. 4. Under side of the abdominal skin of a mouse killed 7J minutes after the 
dye injection. The venules arc completely hidden in stained tissue. Enough dye 
remains in some of the arterioles (indicated by arrows) for their situation in un- 
stained tissue to be made out. The contrast has been emphasized ^\^th a color 
filler. X 17. 


Plme 51 

Fig. 5. Skin of the abdomen of a mouse %Tcwcd from beneath. Specimen 
cleared after injection with an ink-gelalin mass. For comparison ^Yith Figs. 1, 3, 
and 4. From the venous and arterial networks (V and A) branches go of! at in- 
tc reals to the corium. Capillaries arc not especially abundant in the ncighl)orhocyi 
of the venules. X 75. 

Fig. 6. Section of the everted skin of a thin mouse, from the abdomen. TT.e 
end. M, was near the midlinc. The specimen consists almost entirely of c*^riu:r.. 
There arc no rccognlz.iblc fat cells^and the panniculu'^ camosus, whidi i*> shal! ta , 
thins in the direction of the midlinc. Several hair follicles have been cut throurh. 
Eosin and methylene blue. X ISO. 



514 


GRADIENT OF VASCULAR PERMEABILITY* IV 


Fig. 7. Section of the ear of a mouse near its margin. The upper side of the 
organ is distinguishable by the layer of fatty cells overlying the cartilaginous 
lamella. The gap to either side of the cartilage is an artefact. Hematoxylin and 
eosin. X 180. 

Fig. 8. A similar specimen with ink-gelatin mass in the vessels. Hematoxylin 
and picric acid. X ISO. 


Plate 52 

Fig. 9. Ear of a living mouse photographed in oil 30 seconds after an intravenous 
injection of Chicago blue. As yet no dye has passed out into the tissues. The 
arteries, thin and straight, are readily distinguishable. Some of those which 
course separately are indicated by arrows. X13. 

Fig. 10. The same ear photographed 5 minutes later. The solitary arteries 
can still be readily discerned (arrows). They pass to tissue which is unstained, 
whereas that in the neighborhood of the venules is already well colored. The 
d 3 ^e has not escaped from the larger veins, however. X 13, 

Fig. 11. a relatively high magnification of part of an ear cleared after injection 
with an ink-containing mass. Almost every artery is now seen to be accompanied 
by a vein. Several grids of the fine capillaries w^hich suppl}’’ muscle fibres can be 
made out near the lower border of the photograph (arrows). X 32. 

Plate S3 

Fig. 12. Mouse ear injected with an ink mass and just sufficiently cleared for 
the vessels of its outer side to be plain!)" visible. For comparison with the photo- 
graphs from animals recemng vital dyes. The vascularization is much more 
abundant than one would suppose from the study of these latter. X 12. 

Fig. 13. Ear of a li\dng mouse photographed 2 minutes after an injection of 
brom phenol blue. Some general staining has already occurred. It is least marked 
in the regions to which the solitar)^ arterioles run (arrows). There are many 
broad patches of color witli venules in tlieir midst. X 13. 

Fig. 14. Ear of a living mouse 3/4 minute after injection of patent blue V. 
Some general staining has already taken place, which is not evident in the photo- 
graph. The blood of the venules contains so little dye that their course is difficult 
to make out. The solitary arteries on tlie other hand are clearly visible (arrows) 
by reason of their d 3 "e-laden contents; 3 "et in the regions to which they run the 
staining is at a minimum. X 13. 
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As a part of a series of investigations on streptococcal diseases now 
being carried on in this Department the writers have been attempting 
to separate and study immunologically active constituents of the 
scarlatinal t 3 rpe of Streptococcus hcnwlyticus. The work of Hitch- 
cock (1) and the studies of Lancefield (2) have shovm that as far as 
the microbial cell itself is concerned, the protein constituents are the 
dominating factors, and a study is accordingly being made of these. 

The classical method for the isolation of the protein of the bacterial 
cell involved the use of sodium hydroxide in excess and made little 
attempt at fractionation (3). It has, however, long been recognized 
that alkaline solutions can induce profound modifications in native 
protein, and this is particularly true in the case of the nucleoprotcins 
(4), the group to which the more easily isolated bacterial proteins arc 
believed to belong. Thus Levene (5) extracted dried ground tubercle 
bacilli with 8 per cent ammonium chloride and found three nucleo- 
proteins in the solution, while Eisler and Silberstein (6) used neutral 
saline extracts in studying t\"phoid nucleoprotcins as precipitinogens. 
Also to avoid in part the effect of alkali Johnson (7) pro{x)5cd to ex- 
tract the ground, defatted cells first with water, rcser\'ing alkaline 
extractions of the residue for subsequent fractions. This method has 
been used in the Yale laboratory for the extraction of proteins from 
members of the tubercle bacillus group, and has been applied to d\ 7 )c 
HI pneumococcus by Stull (S). 

In the li\dng microorganism the cell proteins, if not in actual s/j1u- 
lion, arc at least largely present in the form of their sails with ba^cs, 

• The work reported in this communicaiion was raidc pontblc by the HirknciS 
Research l und of the Prc^byicrun HofpitnI. 
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and this applies particularly to the acidic nucleoprotein group. Na- 
tive and undenatured cell protein salts should therefore be largely 
water-soluble, hence the first extraction in the Johnson method might 
easily remove a mixture winch would be difiicult to separate. 

The method used in the present study was intended to avoid this 
possibility and at the same time to test the idea that different cell 
proteins might vary in their acidic strength. It was felt that an 
effective method of separating such proteins would be to bring them 
all past their isoelectric points to a degree of acidity which would set 
them free from the base with which they were combined in the living 
protoplasm, and then to extract the acidified cellular material succes- 
sively with buffer solutions of increasing basicity. Thus the strongest 
protein acid would dissolve in a buffer solution of comparatively low 
basicity, while a weakly acidic protein would require a more strongly 
alkaline buffer for its solution. 

That the method ma}^ be of some utility is indicated by the separa- 
tion from a scarlatinal strain of Streptococcus liemolyticus of a labile, 
alkali-sensitive, strongly acid nucleoprotein, differing distinctly in its 
physical and chemical properties, in its specificity, and in its reactiwty 
toward human sera from the fractions obtained by subsequent ex- 
traction of the cell residue with more alkaline solutions. 

The data given below are to some extent preliminary, but are 
reported in the hope that the method used might also be of value in 
the investigation of the proteins of microorganisms other than those 
being studied in this laboratory.^ 

EXPERIMENTAL 

1. Extraction and Isolation of the Acetic Acid Prccipitahle Protein Fractions. 
Strain C-O^, a scarlatinal Streptococcus liemolyticus, obtained through the courtesv 
of Mrs. Lancefield, of the Hospital of The Rockefeller Institute for Medical Re- 
search, was used since it was reported to contain the tj'pe-specilic factor. The 
culture was kept virulent by frequent passages through mice. 50 to 60 1. of a 3 
daj' old culture in proteose-peptone broth were run through a Jacketed, steam 
driv’en, sterilizable Sharpies supercentrifuge designed by Dr. Franklin A. Stevens 
of this Department to prevent escape of spray. The microorganisms were scraped 
from the bowl, resuspended in about 400 cc. of saline, and centrifuged. From 
this point on, all operations were conducted in the cold with chilled reagents unless 


* Studies on streptococci and the tubercle bacillus group are now in progress. 
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Otherwise specified, the centrifugations, as \vell, being run in a refrigerating cen- 
trifuge (International Equipment Co.) provided with external cooling coils onl 3 ^ 
The washed cells were suspended in about 400 cc. of acetone, stirred frequently 
during 2 hours, centrifuged, taken up again in the same quantity of acetone, and 
allowed to stand overnight. After centrifugation the cells were taken up in 400 
cc. of ether which had been freed from alcohol, peroxides, and aldehydes by wash- 
ing wdth water, drying with calcium chloride, and storing in the dark over calcium 
chloride and sodium h 3 ’’droxide pellets. After frequent stirring during several 
hours the mixture was centrifuged and the process repeated with a new lot of 
purified ether. A third lot was finally added and the mixture was allowed to 
stand overnight, after which it was centrifuged and the organisms were dried in 
vacuo. The yield was about 10 gm. imder favorable conditions, about 10 per cent 
consisting of ash* The acetone-ether extracts were concentrated to dr>’ness in 
vacuo and designated fraction A. The defatted cells were transferred to a ball 
mill at room temperature and rotated until intact cells could no longer be obsenxd 
in a smear. The ground material was then rotated in the ball mill with a little 
0.2 normal acetate buffer at pH 4 for 10 minutes and rinsed into 5 1. of the same 
buffer solution and stirred mechanically (all operations in the cold) for 5 to 6 
hours, after which the mLxture was run through a Sharpies supcrccntrifuge. The 
efllucnt, clear after two passages through the machine, contained only 0.125 gm. 
of nitrogen in the one case in which this was determined, and reacted strongly for 
specific poh^saccharidc. It was designated fraction C, and the isolation of the 
poh’saccharide from it will be described later. 

The residue in the centrifuge bowl was ground in a mortar with (chilled) m/15 
phosphate buffer at pH 6.5, added to 4 1. of the same solution, and stirred mechani- 
cally for 6 hours. The mixture was run through the supcrccntrifuge until dear, 
chilling as much as possible, and acidified \rith glacial acetic acid until the resulting 
precipitate began to flock (fraction D). The residue in the centrifuge bowl was 
ground in a mortar with water and extracted as before with 3 1. of water, adding 
enough normal ammonium hydroxide from time to lime to maintain the pH at 
about 8.4, or just pink to phcnolphthalcin. The mixture was again cleared as well 
as possible and the eflluenl cautiously acidified with 50 per cent acetic add until 
the precipitate began to fiock (fraction E). The sHmy residue in the bowl was 
then treated as before, carrying out theextmetion at a pH at which phcnolpliihalcin 
turned bright red (about 9). The precipitate yielded by the effluent on acidifica- 
tion with normal acetic acid was designated fraction The in'^olublc residue v.\a< 
then given a final extraction cither at room temperature at pH 9 to 10, or in th.c 
cold at about pH 11 (blue to ihymolphlhaldnl, and the acetic acid prrcipttabtc 
material designated O. The generally small am(»uni of inroluMe c*.!! rc'-dur 
(fraction N) wa< set aside for future invest iir.ati^n. 

Fraction I) uas centrifuged off. leaving a dear supernatant a? pH 3 ^ .v9 

(bromojdiencd blue). Tlir ILastinC' Sendroy M;"-! ir standard met}. •! < va« 
U‘^ed in d.ctcrminine i>H in mo^t ca'cs. The prccipit.atr 'l a*. Jr i *n 

aKvut cc. of ’iN.ittT ichdb-dt an i redb^ b e! v, iti; t}:e a* ! vf c r rmL; 
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sodium bicarbonate solution which had been neutralized to pH 6.8 by cooling and 
cautiously adding glacial acetic acid. Care was taken to leave the protein solu- 
tion faintly acid to litmus at the end. After centrifuging, the small amount of 
insoluble material was discarded, and the protein solution was diluted to double 
the volume and reprecipitated with 50 per cent acetic acid. Centrifugation, 
solution, and reprecipitation were repeated four times, but before the final 
precipitation the solution was filtered through a 5 inch Berkefeld V candle which 
had previously been washed through with water containing a little sodium 
bicarbonate and finally with water. When necessar}'' to produce a clear solu- 
tion it was again filtered through a Berkefeld N candle. After flocculation of 
the protein in the above precipitations the supernatants were found to be in 
the range pH 3.8 to 4.0. The final supernatants and tlie final precipitate were 
free from inorganic phosphate. Fraction D was finally washed twice in the 
centrifuge bottle with water containing a little acetic acid, then twice with 
redistilled acetone, and was filtered off and dried in vacuo over calcium clfloride, 
paraffin, and sodium hydroxide pellets. The yield in favorable cases was 1.4 to 
1.5 gm. For analysis a portion was dried to constant weight in a high vacuum 
at room temperature over phosphorus pentoxide and sodium hydroxide. 

Fractions E, F, and G were purified in the same wa)^, using normal ammonium 
hydroxide for solution in the case of E, and sodium hydroxide in the case of F and G, 
and never allowing the solution to become more alkaline than about pH 8.5. As 
before, all operations were conducted in the cold. Supernatants from which E 
had flocked were usually at pH 4.0 to 4.1, those from F at pH 4.3 to 4.5 and tliose 
from G at 4.3 to 4.6. The yields of these fractions varied from 0.05 to 0.4 gm. 
each. 

Each time E, F, and G were redissolved and the solutions centrifuged, particu- 
larly when the volume did not exceed 200 to 250 cc,, brown, shmy material was 
deposited. This was collected and saved, and combined with the generally larger 
amount which collected on the Berkefeld V filter and often made filtration ver>' 
slow. These slimy residues w^ere ground in a mortar with water up to about 500 
cc., made alkaline to about pH 9 (phenolphthalein), stirred thorough^, and cen- 
trifuged for several daj^s in the cold. The residue was treated again as before, 
until the maximum amount could be dissolved. The supernatants were acidified 
with acetic acid (to pH 4.6 to 4.8) and the precipitates combined and centrifuged 
off. Treated as before, ver>’' little alkali-insoluble material was deposited, and 
after a third rcprecipitation the solution obtained on redissolving at pH 9 deposited 
almost nothing on centrifugation and could be run through a Berkefeld filter. 
The fraction which separated on acidification of the filtrate was designated L. 

The supernatants from the original precipitations of C, E, F, and G, and the 
supernatants from the first two reprecipitations w^re concentrated to small bulk 
in vacuOy combined, dialyzed in collodion bags, and again concentrated in vacuoj 
made definitely acid with acetic acid, and centrifuged. The supernatant, frac- 
tion J, furnished additional specific carbohydrate, while the precipitate, fraction 
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TABLE I 


Properties of Acetic Acid Prccipi table Protein Fractions of Streptococcus scarlatinac 


Fraction 

I“]n 

pH of solution 
used for [ « ]jj 
detcnninalioa 

1 N 

j 1 

P 

Basic ash 

N:P ratio 





P^T ctni 

Per cent 


7 D 

+9.5“ 

6.2 


3.8 

0.9 


F 


7.4 


1.4 

0.3 


G 

-49° 

8.1 

14.7 

1.0 i 

0.4 , 


L 

-46° 

8.4 

14.4 

1.4 1 

0,3 


Di 

-54° 

7.6 

15.8 

1.2 

0.1 


Vi 

o 

O 

I 

6.5 

15.1 

2.6 1 



8 D 

4-12° 

6.5 

15.2 

4.2 

0.7 


E 

0° 

7.7 

14.8 

4.0 

1.5 


F 

, -25° 

9.0 

14.2 

2.1 

0.4 


G 

-55° 

8.1 

14.1 

0.8 



H 

+22“ 

7.0 

15.8 

1 

5.2 

1.0 


El 

-15° 

8.2 

1 15.5 

3.2 

0.5 


El 

-50° 


1 15.0 

1.5(?) 



9E i 

-fll° 

7.9 

16.0 

3.8 

1.1 


E 

0° 

6.8 

14.5 

2.8 



F 

-42° 


14.0 

. 1.1 

1.3 


E, 

-64° 

8.0 

15.4 

1.6 

0.4 


E: 

-34° 1 

7.7 

14.8 

2.6 



15 E 

0° i 

7.0 

14.6 

3.1 

0.3 


E 

o 

O 

1 

S.3 

15.4 

1.9 

0.5 


F 

-44° 

8.2 

14.3 

1.1 

0.6 


G 

-41° 

7.2 

14.0 

1.1 

1.2 


El 

-47° 

7 S 

15.0 

1.6 

0 0 


El 

— 2S° 

7 4 

16.5 

3.3 

0.6 ( 

15 E,, 

*f6r 

7 1 

IS 0 

8 9 

i 0 9 - 

1 78 

E- 


7 4 

12.1 

9.6 

i 


7 Em 

, +16' 


16 8 

i ^ 1 


: 

E,r 

1 +11' 


15 4 

! c 5 ) 


1 M 
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protein fractions of s. hemolyticus 


E, omitting filtration through 

determbeTbyrsfightt^modifiti^^^ 

the Pregl-Lieb method, and basic Phosphorus by 

bath with a little nitric acid nr»d L -f ^ opposing the sample on the water 
acids. The ash was calculated 'S";‘“g at a dull red with nitric and snituric 
calculated on the ash-free has' “*cium, and (njc, N, and P in the table were 
mination could be made. “i®as in which no ash deter- 

until the solut on rtma ned “'>=‘='1 "“O >»' ■»">? 

The volume was ma^ urto 50?td l5tc f‘^^^^ " 

sodium hydroxide were added Aff ou normal 

except for the first 2 hotir<; • v,-^i '"’^ter were added, so that, 

about n/ 150 the final con ' concentration of alkali in excess was 

was auled ^he solution 

acid until the precipitate flocked rLdily°(bH To) with acetic 

““str r: Zarrr r- 

The amount recovered (D>) was 0 35 gm”"“Nit”°'' 

tions on aliquot narts of fViP cm ^ ^ , Nitrogen and phosphorus determina- 

and 27 per cen of the nb-n, u P“ “f ‘I'l "itcogen 

solut JS wtefditrto tt “ 

excess alkali and reprecioitated relative volume without addition of 

ll.S,\nTi5™mr^reslprt™?" Phosphorus in the main supernatant were 

pected if nucleic acid had beersplit°off^^Tr™Tr “ Proportion to be ex- 
volume vieldintr a <;rmll nm . ,^he solution was concentrated to small 

acid, [alo of the orecinifaf- ° Precipitate on acidification with hydrochloric 
lu. lajo 01 tlie precipitate was approximately + 90° 

bmee the degradation of fraction D in n/ 150 to N/2nn cli nV i d j i 
reversal in thp HiVpr'fi’r.T, mC i w/iou to n/JUU alkali had caused only a 

cent in .^:XrrrnmrSeT?S;'o 0 ?r ‘1 “ f “f”" 

by dissolving as before In n f ^ ^i was further degraded 

hours with 0.02 normal centimeters of water and letting stand 24 

acetic acid 0.03 gm. (Dn) wal^'recoverTd''^ Th^ f T' ''‘'Edification with 
analvtical data and nntiVai Product now corresponded in its 

nUmgcrLntt was hX^Tte^^^^^^ ““P‘ "" 

termination and i«; nrr^KoKi f i • i phosphorus is based on a single dc- 

showed 73 ner cent oftf ' I. u ® ’’ * analyses of the snperaalanl 

been split ^ « P- »f ‘he ni.rogen) ,o have 

A Sim i ar dem^ r , .° “PP^'-Pating that in nucleic acid. 

.milar degradat.on of a mutture of 8 D and 9 D in 0.04 nonnal sodium hj- 
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droxide at 25-30® C. resulted in a recovery at pH 4.3 of one-half of the protein as 
9 Di with a somewhat greater negative rotation than 8 but otherwise showing 
similar analytical data, A small fraction, 9 D 2 , containing more phosphorus, and 
evidently hydrolyzed to a smaller extent,- was recovered on acidif 3 ^ing the super- 
natant from 9 Di with glacial acetic acid. 

Attempts to determine whether or not nucleic acid was split from the protein 
were made as follows: 1.32 gm. of 15 D were dissolved as in the preceding cases, 
made up to 100 cc. with water and 20 cc. of 0.1 normal sodium hydroxide, and 
allowed to stand at 25° for 24 hours. The solution was alkaline to thymolphthalein 
and alizarine yellow R, but not to orange G or acid fuchsin, so that the pH was 
between 12 and 14. On acidification to pH 4.6, 0.77 gm. of Dx fraction was re- 
covered, and on adding acetic acid until the pH was below 3.6, 0.11 gm. of was 
obtained, Di and D 2 having the same significance as in the case of 9 D (sec also 
Table I). The supernatant was concentrated to dr>Ticss in ^acno^ taken up in a 
little water, freed from insoluble matter by centrifugation, chilled, and precipi- 
tated with 1 : 1 hydrochloric acid until the solution was acid to Congo red. The 
precipitate Dja was collected separately and the supernatant treated with several 
volumes of alcohol, yielding a small amount of additional precipitate (Dji). Each 
fraction was dissolved in a few cubic centimeters of water with the aid of normal 
sodium hydroxide solution, rcpredpitalcd with hydrochloric acid, and washed 
with acidified water and redistilled acetone, using alcohol in addition for the 
rcprccipitation and aqueous washings in the case of &. The yields were 0.13 gm. 
of a and 0.02 gm. of 6. As will be seen from Tabic I the analytical data on the c 
fraction correspond with those for the nucleic acids (10). 

A similar experiment with 7 D yielded analogous fractions, of which the Dja 
fraction was much lower in optical rotation and somewhat higher in its N:P ratio 
than was the corresponding fraction from 15 D, the data in this case also being 
close to those given by the nucleic acids. Possibly It contained more of the 
Icvorotatory protein degradation product than did the nucleic acid from 15 D, 
although the biuret test was negative in a 1:1000 dilution, while it was faintly 
positive in a 1 :200 solution of the 15 D product. When 2 mg. cadi of 7 Djij and 
15 D.xa were used for the orcin test, both gave Is'pical pentose reactions, the final 
amyl alcohol solution showing an absorption band in the orange red. 

o. Occurrence of (lie Typc-Spccifie Fcc/or.* -Lanccficld f2) was able, 
by means of acid extraction, to obtain from streptococci from widdv 
dilTcrcnl sources l\7)e-specific haptens which appeared to !)e protein 
liegradalion products. These were identified by their reaction with 
sera which had been abst')rbed by heterologous strains. Aque^>us ex- 
tracts of the organisms also contained type-specific niaieri.'il. but 
apparently not in antigenic form. Lancefidd <lc^:cnatt'<l Xh\^ the 
M factor. 
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It appeared of interest to locate, if possible, the type-specific material in the 
fractions prepared in the course of this work. T3T)e-specific sera were obtained 
b}'’ Lancefield’s method, with the aid of a vaccine prepared from the heterologous 
Strain S 24 of Streptococcus hcmolyticusi the original culture of which was kindly 
furnished by Mrs. Lancefield. The results are given in Table IV, according to 
which fractions 8 H and 7 L contained the specific factor (Lancefield’s M sub- 
stance), in addition to non-specific material. That it possiblj’- exists in antigenic 
form is indicated b)’- the data on rabbit Serum 75 (Table IV). Two rabbits were 
injected intravenouslj'' three to four times a week for a period of 9 w^eeks with 0.6 
to 1.5 cc. of a solution of 7 L containing 1 mg. per cubic centimeter. Each rabbit 
received a total of 33 mg. of protein. Bleedings 5 daj’^s after the last injection 
show'ed the presence of precipitins in the blood of Rabbit 75, and a fraction of 
these appeared to be type-specific antibodies since the}' were not absorbed by 
Strain S 24. 

An attempt was also made to shorten tlie exposure of the strepto- 
coccus cells to acetone and ether, but in a case in which the washings 
were limited to a period of several hours very little material was ob- 
tained on extraction at pH 6.5 and its phosphorus content was only 
2.7 per cent. Bacilli are known to contain nuclease (11), and it is 
possible the exposures to acetone and ether used in the case of Pre- 
parations 7, 8, and 9, wliile not too long to cause denaturation of the 
cell nucleoprotein, nevertheless sufficed to inactivate the nuclease 
presumably originally present. In Preparation 15 only the acetone ex- 
traction was shortened, but since in this case the first aqueous extrac- 
tion at pH 4 was omitted and the D fraction was extracted with phos- 
phate buffer at pH 7.1 it is uncertain to what cause to ascribe the 
slightly low rotation and phosphorus of the product and its undoubted 
contamination with fraction E. However, in Preparation 7 both of 
the first aqueous extractions were omitted and the initial one was 
made at pH 8.3. The possibility of simplifying the procedure with 
these points in mind is now under investigation. 

DISCUSSION 

It is shown in the description of the experiments that by a prelimi- 
narx' acidification of cautiously dehydrated, mechanically disintegrated 
scarlatinal Streptococcus hcmolyticus and subsequent extraction in the 
cold with phosphate buffer at pH 6.5 it is possible to obtain a nucleo- 
protein radically different from that prepared according to the classi- 
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cal method involving alkaline extraction. The new nucleoprotein is 
characterized by its high phosphorus content^ the low pH of its iso- 
electric point, its rotation of polarized light to the right, and its 
sensitiveness to alkali. Even in n/200 sodium hydroxide at room 
temperature the protein loses nucleic acid and becomes levorotatorj^ 
the hydrolysis or degradation product being poorer in phosphorus and 
isoelectric at a higher pH. In n/50 sodium hydroxide three-quarters 
of the phosphorus is eliminated and the nucleic acid set free may be 
isolated and identified. Since it shows a strongly positive pentose 
reaction it belongs to the yeast or pancreas nucleic acid type (10) 
rather than to that of thymus nucleic acid. 

After removal of the nucleoprotein at pH 6.5 successive extraction 
of the cell residues at pH 8.4, 9, and 10 to 11 jnelds fractions char- 
acterized by their lower nitrogen percentage and poorer phosphorus 
content, particularly in the last two fractions. These fractions are 
also the most levorotatory. The three alkaline-extracted fractions 
appear to differ from each other chiefly in the progressive removal of a 
common phosphorus-containing component, presumably nucleic acid, 
with increasing strength of alkali used in the extraction, and differ 
little in physical properties and analytical constants, except for their 
lower nitrogen, from the protein fractions obtained by fractional 
degradation of the neutral-extracted nucleoprotein. An effort is 
being made to determine whether or not these two groups of fractions 
are identical. 

Serologically the undegraded neutral-extracted nucleoprotein also 
differs radically from the fractions obtained by alkaline extraction 
after its removal, and from streptococcus nucleoprotein prepared by 
the classical method. Thus its reactivity is lower in the precipitin 
reaction in rabbit antisera obtained by intravenous injection of heat- 
killed or bring bacilli, but it reacts more readily in many cases with 
the sera of patients suffering from different Upes of streptococcal 
disease (Tabic II). Moreover, the specificity of the ncutral-cxtractcd 
nucleoprotein is different from that of the alkalinc-cxtractcd frac- 
tions. since on absoq'ition of rabbit antisera it does not remove the 
antibodies reactive against these fractions. On the other hand, ab- 
soqnion of the sera with the alkaline-extracted fractions rc.movcs the 
prccipilins for the neutrabextraettri nucleoprotein as well (Table III •, 
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Precipitin Tests with Acetic Acid Precipitable Protein Fr actions of Streptococcus scarlaiinae 
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a behavior difficult to interpret until after these rather ill defined 
fractions (E, F, and G, the ^ffiucleoproteins’’ as ordinarily obtained) 
have been subjected to more rigorous purification and study. Also, 
in agreement with Lancefield, the streptococcus proteins encountered 
in this study precipitate antipneumococcus serum (Table II). 

Although absorption of rabbit antisera with specific polysaccharide 
isolated from fraction C failed to remove the protein antibodies or 


TABLE IV 

Absorption of Sera vnth HeUrologous St ram S 24 of Streptococcus hcvioJyticus 



Test fraction 

Senna 

9D 1 

8Di 1 

9E 1 

9F 1 

7L 1 

8H 1 

1 15D 

1 15 G 

Dilution 





1:2000 

! 1:1600 

1:1000 

1:5000 

1:5000 

41 (1:2) 

B 

+± 


i 





41 absorbed 


-- 


— 

+ 

+ 



(1:2) 

41 (1:1) 

■ 





++± 



75 absorbed 





±(+)* 

+ (+) 

- (-) 

- (-) 

(1:2) 

B 









Dilution 


IB 

B 

B 

1:2000 

1:2000 

1 1:2000 j 



41 (1:2) after 

B 

B 

B 

-(±) 

-(-) 

It- 



3 mos. 

Ri. (1:1) 

■ 

■ 

■ 


1 





* Values in parentheses obtained after centrifuging at low speed. 


alter the dificrcnccs between them (Table III), in only one instance 
(S D) was it possible to absorb with a protein fraction and leave iK)ly- 
saccharide antibodies in the serum. 

It is of interest to note that the water-soluble protein fraction ob- 
tained by Stull from Type III pneumococcus (S) resembles in its 
nitrogen and phosphorus content the D fractions summarirc<l in 
Table I, while the carbonate-extracted fraction is much lower in 
phosphorus. It is to be rcgrcUixi that a serological study of these 
pneumococcus fractions was not reported. 
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With the aid of type-specific sera prepared according to Lancefield 
(2) the scarlatinal type-specific factor (Lancefield’s M) was found in 
two fractions, and of these the one which was tested gave indications 
of containing the material in antigenic form. However, a solution of 
this fraction, 7 L, 3 months old, appeared to have lost its specific 

TABLE v 


Degradation of Fraction D by Sodium Hydroxide 


Preparation 

i 

Concentra- 
tion NaOH 
(normality) 

Temperature 

Time 

Total N 

Total P 

T> Wt.N 

Ratio ^yt.P 

split off 

In supernatant after prmpita- 
tion with acetic acid 



°C. 

hrs. 

per cent 

per cent 


7 D 

0 


— 

2 




0.25 

24.5-25 

24 

77,78 




0.1 

24.5-25 

24 

66,63 




0.05 


24 

59 




0.01 

24.5-25 

1 

24 

1 

42 



8D 

i 

*0.01 i 

24 

7 

13 

22 



0.01 

27-29 

24 

34 : 




0.005 

27-29 

24 

23 




0.005 

23-26 

24 

15 

27 

2.0 

D,* 

0.02 

25 

' 24 

44 

' 73 


15 D 

0 


— 

4 






tnin. 





0.1 

25 

4 

17 






hrs. 





0.1 

25 

1 

41 




0.25 

37 

48 


No inorganic 







P(12) 



* Product of the treatment with 0.005 n NaOH. 


reactmty, although the non-specific protein in the fraction seemed 
unaltered (Table IV). On the other hand, 8 H, kept in a desiccator 
and dissolved only as needed, has maintained its type specificity for 
a year. 

It is evident from the last experiment reported in Table V that the 
D fraction cannot be classified as a phosphoprotcin in spite of its high 













MICHAEL HEIDELBERGER AND FORREST E. KENDALL 529 


phosphorus content, since inorganic phosphorus is not split off on 
treatment with 1 per cent alkali (12). Similar tests on an E and an 
F fraction also gave negative results. Since, however, the phosphorus 
is split off as nucleic acid from D the new protein belongs definitely 
to the nucleoprotein group. To consider it as a native cell protein 
on account of its great lability would be tempting, but premature, for 
on account of its high phosphorus content it is conceivable that scission 
from a portion of the originally combined protein had already occurred 
in spite of the many precautions observed to minimize enzymatic (13) 
or manipulative hydrolysis. Should the D fraction actuall)' be a 
degradation product of the original protoplasmic nucleoprotein it 
would be necessary to classify it as a nuclein, a group of substances 
ordinarily obtained by peptic digestion of nucleoproteins. 

Interesting from the standpoint of nucleoprotein chemistry is the 
fact that the new protein is not merely a salt of nucleic acid, but con- 
tains the nucleic acid in chemical combination. It yields no precipi- 
tate with one-third volume of 20 per cent barium acetate solution at 
pH 6.6 (14), nor are significant amounts of nucleic acid split off until 
the solution of the protein is rendered alkaline, after which the amount 
set free depends on the strength of alkali and the period of exposure 
(Table V). In this streptococcus nucleoprotein, then, the nucleic acid 
appears to be combined in a labile, ester-like linkage, slowly saponifi- 
able even by alkali as weak as n/200. 

I'he relation of the present work to Lancefield’s studies (2) will be 
clearer when animals have been immunized to the various fractions 
and the properties of the antisera studied. Until then it may be said 
that the polysaccharide in fraction C is undoubtedly that designated 
as “C substance” by Lanccfield, while the t\'pc-spccific factor in 
fractions 7 L and 8 H is the same as Lanceficld’s “M substance,” c.x- 
cept that it appears to be a true antigen instead of a hapten. Frac- 
tions K, F, and G would correspond to Lancefield's nucleoprotein P. 
It is possible that the labile nucleoprotein, fraction D, corresponds to 
Lancefield's V. present only in minor amounts in her ^irepanations 
owing to the use of alkali in extracting the nucleoproteins and the u'e 
of hot acid in extracting the type-si)ecific hapten, .^hould thi'^ sur- 
mise prove to be correct. Lan.cel'.eld's V factor would bt'cmne ki'.ov.n 
as one of the major antigen- of th.e streptoce>ccu- cel!. 
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So far in the present work the isolation of any protein not precipi- 
table by acetic acid has not been attempted, but with the growth of 
larger amounts of organisms such proteins will be sought for and the 
study continued of the products already isolated. 

The writers wish to express their thanks to Prof. A. R. Dochez of 
this Department for the facilities so generously placed at their dis- 
posal, and for his constant interest and many helpful suggestions; to 
Drs, Franklin A. Stevens, Alvin F. Coburn, and Miss Ruth Pauli of 
this Department for sera and material, and to Mrs. D. E. Lancefield 
of the Hospital of The Rockefeller Institute for Medical Research for 
cultures and antisera. 


SUMMARY 

1. A tentative method is described for extracting a labile nucleo- 
protein from scarlatinal Streptococcus henioly ficus. 

2. The product differs chemically and serologically from the frac- 
tions prepared by subsequent alkaline extraction of the cell residues, 
and from protein obtained by the classical method for extraction of 
bacterial ‘‘nucleoproteins.” 

3. The new nucleoprotein is sensitive to very weak alkalies and 
readily loses nucleic acid under these conditions. The protein degra- 
dation products resemble the alkaline-extracted protein fractions of 
the cell residues. 

4. The bearing of the properties of the new nucleoprotein on the 
chemistry of nucleoproteins in general is discussed, also the possible 
relation of the fractions obtained to the analysis of streptococcus 
antigens made by Lancefield. 
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THE USE OF MICE IN TESTS OF BDIUNITY AGAINST 
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The Need for a Test of Invnimity against Yellou) Fever 

The study of the epidemiology of yellow fever would be greatly 
facilitated by some simple immunity test which could be applied to 
human beings on a large scale. With such a test it would be possible 
to determine whether yellow fever has been present in a region within 
the life of the present generation and to estimate the time and extent 
of the infection. By testing an adequate number of persons in selected 
places, it should be possible to map large areas with regard to the 
endemicity, epidcmicity, or absence of yellow fever, and to decide 
where control measures arc nccessar\\ The test would be especially 
valuable where the disease is present but is seldom or never recognized, 
and also where there is confusion of yellow fever with other diseases, 
particularly Icptospiral jaundice. Such a test is needed also for deter- 
mining whether persons vaccinated against yellow fever by any of the 
proposed methods have in fact been immunized. Just at present 
there is a pressing demand for immunity tests in connection v;ith 
yellow fever surveys of West Africa, whence aviation and other im- 
proved means of travel threaten to carry yellow fever past the little 
understood natural barriers to large susceptible populations in East 
Africa and the Orient. Numerous immunity tests will he nee<ied 
also for delimiting the endemic areas of Brazil. 

A vei*}’ simple method of ascertaining whether a person is immune 
to yellow fever would be by a skin test, if a suitable antigen could 5>e 
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found, but Frobisher (1) was unable to produce significant skin reac- 
tions in immune monkeys by the intradermal injection of any of 
several antigens. The methods of testing sera for their power to fix 
complement in the presence of yellow fever antigens, as developed by 
Frobisher (2) and Gordon Davis (3), seem to give specific results, but 
fixation does not take place as a rule in the tests of the sera of animals 
which have been immunized by vaccination without the production 
of fever, or in the sera of some of the highly immune persons who have 
recently had yellow fever (Hudson (4)). While the method gives 
promise, it will not be ready for wide application, except as a supple- 
mentary test, until its limitations and methods of interpretation have 
been more exactly determined. The protection test in M acacus rhesus 
monkeys, on the other hand, has proved reliable and highly useful, 
but it cannot be applied on a scale large enough for present needs 
because too great a number of monkeys would be required. By testing 
human sera for their power to protect monkeys against yellow fever 
virus, Beeuwkes, Bauer, and Mahaffy (5) were able to determine the 
endemicity of yellow fever in parts of West Africa where cases were 
seldom recognized, and to show that certain other regions were free of 
the infection. By this same test the identity of the recent isolated 
outbreak of yellow fever in the interior of Colombia, described by 
Pena Chavarria, Serpa, and Bevier (6), was confirmed in the laboratory 
in New York by Hudson and Kitchen (7). 

The protection test has many advantages and would meet the needs 
of the investigators in the field if a larger number of sera could be 
examined than is possible when monkeys are used. Any one of the 
potent African strains of yellow fever virus could be used in testing 
sera from any part of the world, for the serological identity of the 
African and American strains has been amply demonstrated by cross- 
immunity tests (Sawyer, Kitchen, Frobisher, and Lloyd (8)) and by 
the growing experience with protection tests in which sera from many 
parts of the Americas have protected against African strains of virus. 
The protection test can, as a rule, be depended upon to reveal immu- 
nity resulting from attacks of yellow fever no matter how long past. 
For example, specimens of serum from si.x persons who were iU during 
the epidemic in Norfolk, Virginia, in 1855 were obtained 75 years later, 
and five of the six sera protected monkeys against African yellow fever 
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virus (Sawyer (9)). Protection tests of the sera of a sufficient number 
of persons classified by location and age group would permit the recon- 
struction of at least the recent yellow fever historj^ of a region and 
would thus help in solving the present problem of control. 


The Susceptibility of the Mouse to Yellow Freer 

When the susceptibility of the white mouse to the virus of yellow 
fever was announced in 1930 by Theiler (10, 11), it seemed that the 
laboratory animal needed for replacing the monkey in the protection 
test had been found. Working with the French strain of yellow fever 
virus from Africa, he discovered that adult mice could be infected by 
intracerebral inoculation but not ordinarily by subcutaneous or intra- 
peritoneal injections. 

Theiler found that the virus was highlj' neurotropic in mice and was abundant 
in the brain tissue after the disease had developed, although absent from the blood 
or liver. There was a heightening of the \drulence for mice with successive pas- 
sages in these animals, until a fixed strain for mice was produced which caused the 
death of all the animals inoculated intracercbrally in approximately 5 days after 
injection, Theiler showed that experimental yellow fever in mice took the form 
of an encephalitis with characteristic changes in the nuclei of the ganglion cells. 
Outside the ncr\'ous system the only lesion found which might be characteristic 
of yellow fever was hemorrhage into the stomach and intestines, but this occurred 
only in some of the infected animals. He showed also that the sera of immune 
monkeys or persons had the power to prevent or defer the disease if mixed with the 
virus before the intracerebral injection. Variation of the length of time that the 
virus and scrum were in contact before injection seemed to make no diflcrencc in 
the degree of protection. Injections of large amounts of immune scrum intraperi- 
toncally seldom protected against \drus inocubted intracercbrally. 


The Protection Test by Intracerebral Inoculation of Mice 


In a later publication Theiler (12) has presented experiments with a method for 
testing sera for their protective power against the fixeti virus for mice. He added 
each immune scrum to an equal volume of a suspension of the virus, and inoculated 
mice intracercbrally with the mixture, using six or more mice in cadi lest. Control 
groups of mice rcccivc<i normal scrum in the place of the immune scrum. Xrarlv 
all the control animals died from 5 to 9 days rdter inocubtion. Of the mice v.hirh 
had rcccivctl immune serum, usually a few died lii.c the centro! anima!«, a fevv* 
more died from the lOth to the I6:h (fay, and several surrived. Even s) e 


virus suf]>cns:on conlaincvl only 1 per cent of virus and had ce; 
remove all particles, a ftralde pre^jv^rtion of tlm arimd* vh’ 
immune scram and vira*; riir 1 v. ithin the prri ' i < f olr-rr* ;.’.! T2 r !r 
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permitted differentiation between immune and non-immune sera, but the irregu- 
larity of the results would make it necessar}^ to use an excessive number of animals 
to reach valid conclusions in testing large numbers of specimens. If this test can 
be made more highly reliable by quantitative adjustments, it will have the advan- 
tage over the modified test which we shall describe of requiring only very small 
quantities of serum and virus. 

Establishment of New Strains of Yellow Fever Virus in Mice 

In our study, the susceptibility of the white mouse to yellow fever 
virus when inoculated intracerebrally was confirmed. 

The Asibi strain of 3?'ellow fever virus of African source was established in mice 
b}'- our associate in the laboratory, S. F. Kitchen, and we likewise established the 
S. R. strain from Brazil and the P, A. L. strain. Theiler kindly let us have the 
French strain in its 95th passage in mice, and most of our work was done with this 
strain, which has now reached its 141st passage. The Asibi strain has been carried 
through 51 passages, the S.R. through 21, and the P.A.L. through 15. These new 
strains in mice have gradually become more like the fixed French strain, but 
only the Asibi strain has reached a point at which it may be considered as fixed. 
In Table I are shown the intervals in days between the intracerebral inoculation 
of mice with each of these strains and the time when the animals were found dead 
or were killed when definitely ill. The periods shown give a close approximation 
to the incubation periods, as the time interval between the observance of definite 
symptoms of weakness or partial paralysis and the death of the animal is usually 
short, often only a few hours but not infrequentl}^ 1 day. Many of the mice 
inoculated with the French strain in the latest series in the table were killed so 
that their brains could be used for inoculation. If they had not been killed, a 
few of them would doubtless have died during the following night and their deaths 
would have been recorded as occurring 1 da}^ later. The differences shown in the 
table between the results with the earlier and the later passages of the French and 
Asibi strains of virus are of doubtful significance. The virus was already fixed in 
the earliest passages available for the comparison. It is obvious, however, that 
both these fixed strains produce death in a shorter time than do the two strains 
which have been passed through mice only a small number of times. The mor- 
tality is not shown in the table, as nearly all the mice died that were used in the 
experiments on which the table is based. 

Observ^ations made before Nov., 1930, are excluded from Table I, as many of 
our earlier experiments were made with a strain of mice of low susceptibility to 
yellow fever virus, and the results were therefore not comparable with those in 
the table. 

With Kitchen we have fully confirmed Thcilcr’s observations (10) 
that yellow fever virus, after a number of passages in mice, will still 
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produce experimental yellow fever with tj’pical lesions in rhesus 
monkeys, but that the virus finally loses its power to produce fatal 
attacks in monkeys after many passages in mice. We shall reser\"e 
details of these observations for a later paper by Kitchen and ourselves 
dealing with vaccination against yellow fever. The patholog)^ of 
experimental yellow fever in mice is being studied by Kdtchen and 
will be described by him in a later publication. 

Prolection Test by Iniraperiioncal Inoculation of Mice 

In applying the protection test by intracerebral inoculation, we 
obtained results similar to those of Theiler, and came to the conclusion 


TABLE I 

Epccl of Numerous Passages of YcUoia Fc?€r Virus of Several Strairis on the Time 
Intcnal bciween Pitraccrcbral Inoculation and Death 



that wc could not expect the small amount of immune serum injected 
intracercbrally to protect completely and regularly against fixed yellow 
fever virus placed in direct contact with injured brain cells. We there- 
fore sought some metliod by which more serum could be injected and. 
the virus could be brought less directly and more slovdy to the brain. 

It seemed probable that massive intra]>CTitonvril iiriection^ of the 
virus in brain tissue would cause the inlroducvd vinis to circulate in 
the blood for several days, for Sawyer and rrolr.'-lier (13 > h.ad 
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that yellow fever virus could be recovered for 2 or more days from the 
heart blood of several resistant animals inoculated in this way (guinea 
pig, ferret, bullfrog). This circulation of virus was evidently not 
necessarily related to any infection either inapparent or obwous wliich 
might develop later, because it occurred in the entirely insusceptible 
bullfrog. To enable the circulating virus to attack the brain of the 
adult mouse it might be necessary to cause some mild injur)’’ of tlie 
brain tissues, because simple intraperitoneal inoculation alone does 
not produce encephalitis in the adult animals. If infection could be 
brought about in this way, it should be possible to test sera for protec- 
tive power by injecting them intraperitoneally in adequate amounts 
together with the virus and at the same time producing a mild injury 
to the brain. 

There were precedents for the application of the principles involved in the 
method proposed. FIe.vner and Amoss (14) reported in 1917 that “normal monkey 
or horse serum, isotonic salt solution, and Ringer’s and Locke’s solutions, when 
injected into the meninges, promote infection with the virus of poIiom3'elitis 
introduced into the blood, the nose, or the subcutaneous tissues.” Zwick, Seifried, 
and Witte (15) found out that the cutaneous inoculation of rabbits with Borna 
virus succeeds only in exceptional instances, but that infection is easily brought 
about by such inoculation if at the same time an injurj’- is produced in the central 
nervous sj’stem bj’ the injection of non-specific fluids (normal rabbit serum, normal 
horse serum, or isotonic sodium chloride solution). 

The Agent for Localidng the Virus in the Brain 

In preliminary trials many fluids were injected intracerebrally into 
mice and compared for their effect in localizing yellow fever virus in 
the brain. 

The virus was injected intraperitoneally, as 0.2 cc. of a 10 per cent suspension 
of infected mouse brain, immediatelj' after the anesthetized mouse had been given 
the intracerebral injection. The substances tested as the intracerebral inoculum 
were distilled water, 0.9 per cent and 3 per cent sodium chloride solutions, normal 
human and normal horse sera, solutions of magnesium chloride, magnesium sulfate, 
potassium alum, and manganese chloride, 10 per cent extract of mouse testicle in 
0.9 per cent sodium chloride solution, and solutions of com-starch, tapioca, and 
wheat flour. Simple needling of one or both sides of the brain was tried also. 
Some of the salts were too toxic in the strengths of the solutions used and were 
abandoned. Others of the solutions seemed to have uncertain or inadequate 
effects. 
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Satisfactory results were obtained mth each of the three solutions 
of starch in either distilled water or 0.9 per cent sodium chloride solu- 
tion. The 0.5 per cent magnesium chloride solution seemed almost 
equally effective and was used in a considerable number of the earlier 
tests. Our final choice of the fluid for injection in routine tests was a 
2 per cent solution of starch in 0.9 per cent sodium chloride solution 
injected intracerebrally in the amount of 0.03 cc., and this solution has 
been used in all the more recent tests. 

At the time of these early comparative tests we were using strains 
of mice of low and varying susceptibility and, as a result, an accurate 
comparison was impossible. Working more recently with highly 
susceptible mice, we repeated many of these experiments and found 
that most of the mice succumbed to yellow fever encephalitis regardless 
of which substance was injected, and even when the conditions were 
made less favorable by a reduction in the amount of virus inoculated 
intraperitoneally. Simply inserting the hypodermic needle into the 
brain often proved sufficient to establish the infection. The results 
of these recent tests are given in Table II. While these tests would 
seem to allow considerable latitude in the choice of the intracerebral 
inoculum, we have decided to continue using the 2 per cent starch in 
isotonic sodium chloride solution. It seemed to us probable that the 
slower absorption of the starch and the presumably more definite 
injury to the tissues would make it more reliable than simple needling 
or the injection of isotonic salt solution alone. In any event the 
starch solution is proving effective in our e.xperience with the protection 
tests in mice. 


The Inlrapcriloncal Inocuhnn 

In the production of experimental yellow fever in mice by the simul- 
taneous injection of virus into the peritoneal cavity and a mildly 
injurious substance into the brain, wc found that a considerable propor- 
tion of the animals escaped infection unless the amount of \nrus in- 
jected was large. 

In one comparative test the brain injurj’ was produced by the injection of starch 
solution and the intrapcriloncal injection of virus consisted of a 10 per cent sus- 
pension of the brain of an infected mouse in isotonic salt solution. An equal 
volume of normal human scrum u^as injected with the virus. When the amount 
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of the brain suspension injected was 0.5 cc., all of ten mice inoculated died, but 
when the amount was 0.1 cc., only three of five mice died. In another experiment 
the concentration of the virus suspension was varied while the volume was kept 
constant at 0.2 cc. Normal human serum (0.4 cc.) was injected ^\ith the virus 
into each animal. The intracerebral injection consisted of 0,03 cc. of 2 per cent 
starch. 

As is shown in Table III, the animals receiving virus in brain sus- 
pensions of a concentration of 10 per cent, or over, all succumbed, 
while a considerable proportion of those receiving suspensions of 1 
per cent or less survived. Likewise in the experiments reported in 

TABLE in 


Variation of the Mortality Rate of Mice vnth the Amount of Virus m the Intrapcri- 

toncal Inoculum 


Mouse brain in virus 
suspension* 

1 No. of mice inoculated 
and alive 4 daj-s later 

1 No. of these mice dying 
! 5 to 10 days after 

inoculation 

Mice dying 

per cent 



Per cent 

40 

4 

4 

100 

20 

5 

5 

100 

10 

11 I 

11 

100 

1 

5 1 

3 

60 

0.1 

8 

1 

13 

0.01 

8 

1 

13 


* Virus: French strain, 111th passage in mice. Volume of the virus suspension 
injected intrapcritoncally, 0.2 cc. With it was mixed 0.4 cc. of normal human 
scrum. Simultaneous intracerebral inoculum: 0.03 cc. of 2 per cent starch 
solution. 

Table II the number of fatal infections was much smaller when the 
intraperiloneal inoculum was a 1 per cent suspension of virus than 
when it was a 5 per cent suspension of the same virus. 

Evidently the chance of producing encephalitis in all the mice of 
a group inoculated by the method used is greater when the larger 
quantities of virus arc injected. There arc practical difncullies, how- 
ever, without compensatory advantages in using ver}' large amounts. 

The obscHTilions in Table II show that the use of even .as much as 0.2 cc. of 
a 20 per cent suspension of brain virus may allow some of the a.nimalf to .«ur;'ive, 
and the experience of the laborator>-, in testing several hu.nd.*vd icr?., v,a< that 
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this amoiint of virus would often permit one mouse to survive, and sometimes tw 
in a group of six control animals receiving the virus witli normal human serum. 

To secure the necessary amoimt of 20 per cent virus suspension for the test 
approximately as many mouse brains were required as there were specimens to I 
tested, and this made necessary the inoculation of many animals as a source 
virus. As the substitution of 10 per cent virus for 20 per cent made only a smt 
difference in the accuracy of the test, when highly susceptible animals were use 
and resulted in a great saving of animals, we have recently adopted 0.2 cc. of ] 
per cent mouse brain virus as the virus component of the intraperitoneal inoculur 
and have paid special attention to the securing of suitable mice. 

Isotonic sodium chloride is the fluid in which the brain was at first suspends 
in the preparation of the virus for inoculation, and it is satisfactor}^ if the vin 
is freshly prepared just before it is mixed with the undiluted sera to be teste 
In the light of the experience of Bauer and Mahaff)^' (16), who found that the at 
dition of 10 per cent of normal monkey serum to diluted virus suspensions helpe 
preserve the virus, we prefer to add this amount of a normal serum (human « 
monkey) to the salt solution used as a diluent in tlie test. 

We have found that 0,4 cc. of the serum is a satisfactory amount for the tes 
When this quantity is mixed with the virus suspension and injected, the test 
so sensitive that sera from j^ellow fever convalescents diluted to 1 per cent usual! 
protect a considerable proportion of the mice. 

Technic of the Test 

Specimens to be Examined . — At least 6 cc. of the serum to be tested is needec 
The test requires 3 cc. The remainder is used in case the results of the first te^ 
are doubtful or the control tests prove unsatisfactor}% 

The Mice . — Healthy young adult white mice of about 20 gra. weight are pre 
ferred, but moderate differences in age do not seem to affect the results of the test. 
A pure strain of mice, tested and found highly susceptible and bred on the premises 
would give the best results. Satisfactor>’ work may be done with susceptible mic 
purchased from dealers, but each supply from a new source should be tested fo 
susceptibility and there should be an understanding with the dealer that he wi 
not change the source of his mice without notifying the labo^ato^}^ During th 
test mice may be fed exclusive!}' on bread soaked in milk, given once each day 
and they will then require no water. During the experiments the mice arc kep 
in glass battery jars with wire mesh covers, sLx mice in each jar. Wood shaving, 
arc placed in the jars, and the mice are moved to fresh jars 1 week after inoculation 
Preparaiion of the Virus . — An approximate time is set in advance for the tests 
preferably 2 or 3 consecutive days in the middle of the week. 5 days before ead 
testing date, a sufficient number of healthy mice are inoculated intraccrcbrall; 
with yellow fever virus in mouse brain tissue. The mice arc inspected each mom 
ing. The definitely sick animals arc killed with chloroform and arc pinned out 
back down. A rapid and simple necropsy is performed to find out if there arc gros. 
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lesions of any disease other than yellow fever and to drain the blood from the 
brain. The only gross lesion probably due to yellow fever, which has been ob- 
served, is hemorrhage into the stomach and intestines, and this is absent in most 
cases. The mouse is then turned over and pinned out. The skin is slit with 
scissors from the nose to the middle of the back and the flaps are laid back. An 
assistant sears the top of the skull with a red-hot soldering iron. The operator 
removes the bony covering over the brain with sterile sharp-pointed scissors and 
then spoons out the brain with a rigid, narrow spatula of nickel. The brain is placed 
in a small, weighed petri dish. The other brains secured are placed in the same 
dish and the total weight is ascertained. The brains are then finely ground up in 
a porcelain mortar with enough isotonic salt solution, or preferably salt solution 
containing 10 per cent of normal serum, to make a 10 per cent suspension. 

Preparation of the Serim-Virits Mixtures . — In advance of the tests, 3 cc. of 
each specimen of serum or diluted serum and of each of several sera for the controls 
is placed in a small test-tube. If less than 3 cc. of senun is available for a test, a 
50 per cent solution of the serum may be tested if the dilution is stated in the 
report. If less than 1.5 cc. is received, we discard the specimen unless its unusual 
importance justifies testing it in higher dilutions. To each tube is added 1.5 cc. 
of the virus suspension. The contents of each tube are mixed and drawn up into 
a 5 cc. graduated glass syringe with the number of the specimen or that of the 
mouse group to be inoculated written on it with a wax pencil. 

The Starch Solution . — The starch solution for intracerebral injection is prepared 
in advance by adding 2 per cent of com-starch, such as is sold for food, to the 0.9 
per cent sodium chloride solution and heating in a flask in a bath of boiling water. 
The solution is then placed in small wide mouthed Erlenmeyer flasks, autoclaved, 
and stored ready for use. In the morning of the day of the tests the starch solution 
is drawn up into tuberculin syringes of 0.25 cc. capacity, fitted with hypodermic 
needles 0.42 mm. in diameter (Stubs gauge No. 27) and 10 mm. long. The number 
of syringes filled is the same as the number of mouse groups to be inoculated. 

Controls . — With each set of tests there should be five control groups of six mice 
each. Two groups should receive 0.4 cc. of normal scrum (human or monkey) 
in place of the unkno\Mi scrum of the test, and two should receive a kno^^*n immune 
scrum (human or monkey). To conscrv'c the immune serum, it may be diluted to 
10 per cent if of sufficiently high titer. The fifth control should be given the 
virus mixture intracercbrally. It shows whether the mice arc susceptible and the 
virus potent. Intracerebral inoculation brings the animals do%\'n 1 day sooner 
than intraperitoncal inoculation with simultaneous cerebral injury'. 

-•\n important object of the immune scrum control is to show that the deaths 
caused by the virus suspension injected arc in reality due to yellow fever and not 
to some contaminating organisms in the \drus mixture. In our recent experience 
the most frequent cause of an unsatisfactory result requiring repetition of the tests 
is contamination of the \nrus as revealed by deaths of mice in the immune serum 
control groups. The organism of mouse typhoid, Strain 1, was is-olatcd from the 
brain of one of the animals dying in an unsatisfactory' test of this kind. We arc 
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to symbols 
used in records 

+ = Died 
t = Killed vhen. 
sick 

$ = Killed \dien 
well 

S = Sick 
1T= IToribund 
F-142= French 
strain of -virus 
142*'^ passage 
in mice 
^6(1/11)= 6 of 6 
mice ■were pro- 
tected intest; 
lot 11 survived 
in normal se- 
rum controls 
+ = Serum pro- 
tected 

± = "Result incon- 
clusive 

- = Serum did 
not protect 
U = Test unsat- 
isfactory 
Heavy vertical 
lines bound 
time rone within 
which deaths 
arc considered 
significant 


Fig. 1. Part of record of test of a semm f)y the intraperitone^l protection test 
in mice, to determine protective power a(?iinst yellow fever. Upper card contains 
record of test; other two shov.- that of half the immune and normal serum cx)nlri:>]s. 
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ered if the sera are collected with great care and in sufficient quantity. The test 
is hardly worth while if a shipment of sera contains man}’' specimens that are 
contaminated or below 3 cc. in amount. 

Demonsiraiion of the Presence of Virus in the Blood of the Mouse 

The intraperitoneal protection test in mice was devised on the 
supposition that yellow fever virus injected into the peritoneal cavity 
quickly found its way into the blood stream and was carried through 
the blood vessels of the brain. Theiler had shown that the blood 
contained little or no virus during the course of the disease, and we 
were unable to find virus in the blood after symptoms had appeared. 

To demonstrate the virus in the circulating blood after inoculation 
and its absence during the course of the yellow fever encephalitis, we 
carried out the experiments recorded in Table V. 

In the principal experiment, mice were each given intraperitoneal injections of 
0.2 cc. of a 20 per cent suspension of brain virus, French strain, 124th passage in 
mice, together with 0.4 cc. of normal human serum. The amounts of virus and 
scrum were the same as were then being used in our routine protection tests. 
The mice were divided into two series, A and B. One group of mice of Series A 
was bled from the heart under ether anesthesia 24 hours after the injection. Other 
groups were similarly bled 48, 72, 96, and 120 hours after inoculation. The blood 
of each group was heparinized and mLxcd and then injected in tra cerebrally in 
amounts of 0.03 cc. into groups of normal mice as a test for the presence of vihis 
in the injected blood. The ijcsults arc sho^\^l in Table V. A considerable but 
irregular proportion of the mice inoculated died within the usual time period for 
deaths from experimental yellow fever after intracerebral inoculation of fixed virus 
(4 to 9 days after inoculation). 

The mice of Scries B were bled in the same way, but the fresh untreated blood 
of each individual mouse was injected immediately into a group of normal mice. 
As before, the injections were intracerebral and consisted of 0.03 cc. of blood. The 
times of bleeding were the same except that the bleedings after 120 hours were 
omitted. The results were similar to those of Scries A. 

In the first supplcmcntar>’ test recorded in Table V, mice were inoculated as in 
the principal test. The virus was of the French strain, lOSth passage in mice, 
and 0.2 cc. of a 20 per cent suspension was injected intrapcriloncally into each 
mouse. The mice were bled 24 hours later and the blood was pooled and allowed 
to clot. The scrum was injected into normal mice intraccrcbrally in amounts of 
0.03 cc. The result was almost identical with that obtained in Scries A of the 
princip.il experiment with the inoculation of pooled whole blood after the same 
time inlcr\“al. Of eleven mice inoculated with the scrum and suridving on the 
third day, nine succumbed. 
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moribxind or definitely ill 6 days after inoculation were anesthetized and bled from 
the heart. The mixed serum was injected intracerebrally, in the amount used in 
the previous experiments, into sixteen normal mice. All of these mice remained well 
throughout the observation period of 14 days. The four mice whose blood had 
been taken for injection were killed and their brains were ground up together to 
make a 20 per cent suspension. Twelve mice were inoculated intrap eritoneally 
each with 0.2 cc. of this suspension mixed with 0.4 cc. of normal human senun. 
Twelve other mice were similarly inoculated, but a known human immune serum 
was substituted for the normal serum. All the mice were given also 0.03 cc. of 
3 per cent starch solution intracerebrally. Of the mice receiving normal serum, 
one died early, and the remaining eleven died from 5 to 8 days after inoculation. 
Of the twelve receiving immune serum, all but one remained well for the entire 
observation period of 14 days. Thus was shown the presence of the virus in the 
brain and its identity as yellow fever virus. Evidently the virus had disappeared 
from the blood before the 6th day after inoculation and had not reappeared ydth 
the onset of the encephalitis and the production of much yellow fever virus in the 
brain tissues. 

While the evidence from these several experiments strongly suggests 
that yellow fever virus was present in the circulating blood of mice 
every day from the 1st to the 5th after intraperitoneal inoculation 
and caused all, or most of, the deaths in the mice inoculated with the 
blood specimens, the presence of the virus has been confirmed by histo- 
logical examinations and subinoculations only for specimens of blood 
taken 24 hours, 48 hours, and 96 hours after inoculation. The e\d- 
dcnce follows. 

Scrum Taken after 24 Hours . — (First supplemental^' experiment. Table V.) One 
of the mice which had been inoculated with the serum was killed when moribund, 
and part of its brain was examined histologically. There were definite lesions of 
encephalitis, typical of those seen in yellow fever in the mouse. Half of the same 
brain was ground up with half the brain of another mouse in the same group, and 
normal mice were inoculated intracerebrally with the suspension. Of twelve mice 
alive on the 3rd day after inoculation, eleven died from 4 to 9 days after inocula- 
tion, and the brain of one was examined and found to show pronounced and tx'pical 
lesions of yellow fever encephalitis. Further subinoculations were made simibrly 
from this group, and of seventeen mice alive on the 3rd day, fifteen died from 4 to 
9 days after inoculation. The brains of two other mice of the group receiving the 
2A hour scrum were ground up together and used in inoculating eighteen mice 
intracerebrally. All of them died 4 to 6 days later. The brains of iv.o were 
examined and found to show lesions of encephalitis. 

BIcL\i Taker, after 4S Ilctns . — (Principal experiment, Scries H, Tabic \'.) Drain 
tissue of one of the mice which had received -58 hour b!(XKl was injected int.mcere- 
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ered from the blood, it seems evident that it does not depend on the 
production of the encephalitis which characterizes experimental yellow 
fever in the mouse. 

Diferences in the Stisceplibilily of S trams of Mice to Yellow Fever Virus 

In the first months of our study, while using the strain of white 
mouse bred at The Rockefeller Institute for general purposes, we were 
disappointed in the seeming low virulence of the virus strains used. 
Even the fixed French strain, which had become so highly virulent in 
the hands of Theiler (11), allowed many of the mice to survive after 
intracerebral inoculation. We found the mortality too low at that 
time to permit the development of a satisfactory protection test in 
mice. In October, 1930, there was an abrupt rise in the mortality to 
approximately 100 per cent, and we observed that this coincided with 
the purchase of mice from Dealer K at a time of shortage of the Insti- 
tute stock. We later secured strains from other sources and tested 
their susceptibility. Through the kindness of Dr. Carrel we received 
mice of the Dilute Brown strain and of the albino Swiss strain. The 
latter strain had been brought to the Institute by Dr. Clara L}mch in 
1926 from the laboratory of Dr. de Coulon of Lausanne, Switzerland. 
Mice were secured also from three dealers, K, M, and D. 

The results of comparative tests for susceptibilit}" are shown in 
Table VI, and may be briefly summarized. Of the three pure strains, 
the Swiss and the Dilute Brown were found to be highly susceptible 
and suitable for use in the protection test. The mortality was nearly 
100 per cent for both strains, but the incubation period was slightly 
shorter in the Dilute Brown mice than in the Swiss. 

The Institute stock strain was remarkably resistant. This resis- 
tance was manifest even in suckling mice. Unlike adult mice, very 
young mice will ordinarily contract yellow fever encephalitis when 
inoculated by intraperitoneal injection in the absence of cerebral 
injury, as has been shown by Theiler (11). Suckling mice of tlic 
Institute stock, however, were found to be highly resistant to intra- 
pcritoncal inoculation, while similar mice from Dealer K were ven* 
susceptible. 

This experience brings out the importance of using a pure strain of 
mouse of known susceptibility in yellow fever studies and protection 
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TABLE VI 

Comparative Tests of Straws of Mice for S'lisccptibility to Yellow Fever Virus of the 
French Strain after 109 to 138 Passages in Mice 


Comparative tests 

Pure strains 

Mixed strains 

Swiss 

Dilute 

Brown 

Insti- 

tute 

stock 

Dealer 

K 

Dealer 

M 

Dealer 

D 

Intracerebral ItiocuJation of Young 








Adult Mice^ 







Test 1 

No. of mice 



55 


52 



Percentage dead or moribund 4 








to 9 days after inoculation 



65% 


96% 


Test 2 

No. of mice 



48 

95 




Percentage dead or moribund 



50% 

98% 



Tests 

No. of mice 




53 


54 


Percentage dead or moribund 




100% 


81% 

Test 4 

No, of mice 

30 

1^1 


30 




Percentage dead or moribund .... 

100% 



83% 



Test 5 

No, of mice 

23 

24 


23 

22 



Percentage dead or moribund 

100% 

100% 


100% 

100% 



No, dead or moribund on 4th day 





i 



after inoculation 

3 

17 


7 

2 



No. dead or moribund on 5th day 








after inoculation 

19 

7 


16 

20 


Inirapcritoncal Inoculation of Suck- 







Uns Mice 13 to 16 Days Old\ 







Test 6 

No. of mice 



13 

18 




Percentage dead or moribund 5 to 








10 days after inoculation 



0% 

83% 




No. dying 11 to 15 days after 








inoculation 



4 

1 




* Inoculum: 10 per cent suspension of brain of moribund mouse in isotonic 
sodium chloride solution. Amount injected intracerebralh": 0.03 cc. 

t Same inoculum as used intraccrebrally. Amount injected intraperitoncally 
into suckling mice: 0.1 cc. 
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STUDIES ON THE FILTRABILITY OF BACTERIUM 
GRANULOSIS 

By P. K. OLITSKY, M.D., R. E. KNUTTI, M.D., aijd J. R. TYLER 
{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, June 22, 1931) 

The question of whether a filtrable virus plays any role in the 
etiology of trachoma has long been a subject of investigation. 

As early as 1905, Pfeiffer and Kuhnt (1) unsuccessfully attempted to produce 
trachoma in man with filtrates of trachomatous materials. In 1907, Fermi and 
Repetto (2) inoculated twenty-three humans and tw^o apes with filtrates derived 
from the conjunctival material of fifty fresh trachoma cases. They used Berkefeld 
filters which had been tested for permeability with prodigiosiis^ and limited the 
time of filtration to 5 minutes. None of those inoculated with filtrates became 
infected, but the controls, injected with the unfiltered material, show’ed conjuncti- 
val follicles which, after 2 months, had resisted cauterization treatment. In 1910, 
Hess and Romer (3) excised twenty culs-de-sac of trachomatous individuals and 
prepared a filtrate with w^hich they inoculated three cyuocephalus monkeys. 
With the unfiltered material, they injected three other monkeys. The animals 
receiving the filtrate show'cd no reaction after several months’ obsenution; but 
those which had been given the unfiltcred suspension developed granulation of 
their conjunctivac in 4 days. Hess and Romer concluded that trachoma was not 
caused by a filtrable \irus. As quoted b}’ Weiss (4), Bajardi, as well as Lindner, 
reported negative results from inoculation of trachomatous filtrates in monkeys. 

Nicolle (5) and his coworkers, in 1913, filtered tracliomatous tissue suspensions 
through a Berkefeld filler of the “most permeable U’pe” (presumably T>’pe V), 
especially reconstructed by them for small amounts of material. The candle was 
impcr\ious to I'l^rio cholcrac. The filtrate w*as injected into the conjuncli\*a of 
a magot. As a control, another magot was similarly inoculated w*ith the unfiltcred 
material. After 43 days, the first animal show’cd what was considered to be 
"typical” traclioma. This condition disappeared after a few months. The con- 
trol animal exhibited granulations on the tarsal conjunctiva in 20 days. .A Mccacus 
rhesus monkey, also scr\'ing as a control, failed to read to the inoailations. In a 
second experiment, Nicolle and his associates followed the methods of the fint 
lest, save that material from two trachomatous indiriduals was poolctl and a 
chimpanzee was injected with the filtmte and a magot with the unfiltcred matcri.ri, 
llic chimpanzee showed granulations of the conjunct i\a in 14 days; the centnd 
magot in 10 days. 50 days after the inoculation of the chimpanzee, the maiimurn 
reaction wns readied, but on the 5-Oth day the lesions had disappeared. 
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Trapesontzewa ( 6 ), in 1930, prepared a filtrate of the pooled conjunctival ma- 
terial from sixteen trachomatous patients and inoculated three blind persons. 
The filtration was made through a filter which permitted small amounts of fluid 
to be used. During 6 months’ observation none of tire inoculated individuals 
developed lesions other than an initial, slight, transitory edema. In a second 
experiment, the pooled and filtered conjunctival material from twelve persons 
with trachoma was inoculated subconjunctivally into three other individuals, 
including the experimenter. The only efltect was a slight transitory edema, lasting 
not more than 36 hours. Trapesontzewa repeated this experiment twice, using 
material from twenty-four trachoma patients, and obtained a similar effect in 
both instances. No mention was made of tire infectivity of the unfiltered material. 

Recent work has brought out the fact that several species of bacteria are capable 
of passing through filters of sorts which had been supposed to exclude tliem. Grin- 
nell (7) demonstrated that one has but to alter the phj''sical conditions of a sus- 
pension of an organism in order to affect its filtrability. Cuenod (8), one of 
Nicolle’s coworkers in the filtration experiments of tlie etiological agent of tra- 
choma, says: “That trachoma can be induced experimentally by a filtrate is not 
opposed to the possibility of a bacterium \dsible microscopically.” 

The positive evidence that trachoma is caused by a filtrable virus 
rests upon the two experiments of Nicolle and his associates, in which 
a filtrate was active in one animal in eacli test. Furthermore, the 
“virus” of these investigators is described as being rapidly destroyed 
by heat at 56°C., by desiccation, and by glycerol (in S days). Such 
sensitiveness is not usual with ultramicroscopic viruses. 

The following questions are unsettled (a) whether the incitant of 
trachoma is filtrable; (b) whether Bacterinm granulosis, which Noguchi 
(9) and others have shown to be associated with trachoma, is filtrable, 
and, if so, whether it is pathogenic in this state, and (c) xvhether, as 
Cuenod and Nataf (10) suggest, a filtrable virus may be adsorbed to 
Bactcrunn granulosis. Because of the present uncertainty with regard 
to these matters, investigators believing that trachoma is due to a 
filtrable virus despite the greater amount of evidence to the contrary, 
we have made filtration tests with tracliomatous materials and with 
Bacterium granulosis. 

Materials and Methods 

Preparation of Human and Monkey Material. — There were available 
for study the tarsectomized tissues from eight patients with trachoma 
of from 2 to 11 years’ duration.* 

* For the clinic.i! matcri.al wc .ire very grateful to Dr. Martin Cohen of New Yorl: 
City. 
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A suspension was made of the tissue from each case by grinding for a few minutes 
in a sterile mortar with 2 to 5 cc. of sterile physiological saline solution, (In 
Cases V and VI the suspensions were made in Dunham’s peptone water medium 
instead of in saline.) Prior to filtration, 0.2 cc. of this material was inoculated 
subconjunctivally into one upper cul-de-sac of each control Macacus rhesus mon- 
key, and a small amount of the suspension w^as set aside for cultivation of Bacicriuin 
granulosis after the manner of Noguchi (9) . Of the filtrate, prepared as described 
below, 0.2 cc. was inoculated subconjunctivally into each test animal and all of the 
remainder was used for cultures which were made by adding from 2 to 5 drops of 
the filtrate to tubes of leptospira medium. The tubes were kept for at least 3 
W’eeks before they w’ere discarded as negative. 

The conjunctivae of two Macacus rhesus monkeys with the disease 
induced by inoculation of human tissues or granulosis cultures were 
used for similar filtration experiments. The conjunctivae from the 
upper and lower lids of one eye of each were removed,- and prepared 
for inoculation and filtration in the same manner as w’ere the human 
tissues. 

Standardization of Filters . — -Berkefeld V filters were used. The 
permeability of the filters was tested with cultures of B. prodigiosus 
both before and after the filtration proper. This was done as follows: 

A suspension of B. prodigiosus of ground glass opacity was prepared by washing 
growths of the organism from agar slants w’ith sterile ph^'siological saline solution. 
About 5 cc. of this suspension were introduced into the filter, under a pressure 
difference of 25 to 35 cm. Hg. In no test did the filtration time exceed 3 minutes. 
The filtrate tlius obtained w*as inoculated into tubes of plain broth, w’hich were 
incubated at 37°C. and not discarded as negative until after at least 3 days’ 
incubation. After cleaning and rcstcrilization, tlicse filters were used for the 
c.xpcriment. immediateb' afterwards they were changed to other flasks and 
the suspension of B. prodigiosus w’as again introduced. If, in cither test, B. prodU 
giosits passed through the candle, the results of the axperiment were throum out. 
Almost onc-half of the new Berkefeld V fillers examined allowed the passage of the 
organisms. 

Method for the PiUration of Badcriuvi granulosis , — Cultures of Bacicriuin granu- 
losis from 4 to 7 days old, gro\^'n on slants of horse blood agar containing a mixture 
of carbohydrates (11), were employed. To each tube, 8 cc. of sterile physiological 
saline solution were added, the culture was scraped from the surface of the agar, 
and the lube shaken vigorously until a suispcnsion of ground gkiss opacity was 
obtained. 5 cc. of this suspension were removed and put Into a Bcrkcfcli V 


’ Full ether anesthesia was used for all operative procedures. 
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control animals developed experimental trachoma. Badcrimn granulosis was 
recovered from the human case and from the one control monkey which was 
examined. The filtrate culture remained negative. 

Case VII . — Two monkeys were inoculated with the filtrate. Neither of them 
was affected. Of two controls, one remained negative j the other developed a 
persistent, mild follicular reaction. Bacterium granulosis was not recovered from 
this animal. Culture of the human tissue yielded Bacterium granulosis. The 
filtrate culture was negative. 

A decision as to the positive or negative character of the results 
was rendered difficult by the mild follicular type of reaction which some 
of the animals exhibited. This condition either cleared within 2 to 6 
weeks, or persisted for over 12 weeks. The exact significance of this 
transitory type of follicular conjunctivitis is not yet clear; it may 
possibly have some relation to the experimental disease. Inasmuch as 
true experimental trachoma is progressive and persistent, only those 
reactions which endured for long periods of time could, on the basis of 
our present knowledge, be considered positive (Table I). 

Monkey Trachoma . — Two Macacus rhesus monkeys (AA and BB) 
which showed the characteristic experimental disease as result of inocu- 
lation with Bacterium granulosis were used for this group of tests. 
Conjunctival tissue was removed from the animals and prepared and 
filtered in the same manner as with human tissue. 

The filtrate from Macacus rhesus AA was injected into two monkeys- Neither 
developed granular conjunctivitis. One control animal inoculated vith unfiltered 
tissue suspension developed experimental trachoma, and the other control showed 
a persistent, although mild, follicular conjunctixdtis. Culture of the conjunctiva 
of the latter animal revealed no Bacterium granulosis ^ but that from Rhesus A.\ 
yielded the organism. The culture of the filtrate remained sterile. 

The conjunctival suspension from RJ:csus BB was inoculated into two monkeys. 
Of these, one developed cliaract eristic trachomatous conjunctivitis, and from its 
conjunctiva Bacterium granulosis was isolated. The filtrate was inoculated into 
three monkeys, none of which showed conjunctiv^al lesions. The filtrate failc<i 
to yield cultures of Bacterium granulosis (Table II). 

A summary of the results of experiments on filtration of tissue 
suspensions of human and c.\pcrimcntal trachoma reveals that only' 
one of twenty monkeys inoculated with filtrates yielded a po?itivc 
reaction, while nine of sixteen animals inoculate<l with unfiltered 
material showed cliaraclcristic trachomatous conjunctivitis. That all 
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The conception that trachoma is a disease caused by an ultra- 
microscopic virus is based on (a) the positive results of filtration in two 
animals, as reported by Nicolle and his coworkers, and (5) the presence 
of so called ‘inclusion bodies'’ in some of the cells of the lesions. One 
can state definitely that the evidence is now greatly against the filtra- 
bility of the etiological agent of trachoma. Furthermore, filtrability 
does not in itself suffice for the classification of an agent as an ultra- 
microscopic virus. Concerning (fi), a vast literature has accumulated 
which indicates that the ^finclusion bodies" of trachoma are not 
specific for the disease and that the bodies themselves may be bacterial 
in origin (15). We have not as yet found bodies of the kind character- 
istic of many filtrable viruses in the tissues of man or of monkeys with 
the experimental disease. 
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one of our two ^’irus strains was isolated. All these experiments, 
however, were negative. 

Four guinea pigs were inoculated wdth mites {Laclaps echidnimis)^ 
each animal receiving the material from ten to twenty insects. These 
experiments also were entirely negative. 

Six guinea pigs were inoculated with rat lice {Polyplax spviulosus), 
four of them receiving lice from rats caught at the Belem Prison, the 
locality in which the infected rats were discovered. One of the guinea 
pigs inoculated with these lice showed a febrile reaction suggestive of 
typhus, but no scrotal swelling was observed. It was killed on the 3rd 
day of fever but nothing characteristic was found, except a slightly 
edematous tunica vaginalis and several petechial hemorrhages in the 
polar fat of the testicles. However, guinea pigs inoculated vdth 
tunica spleen and brain of this animal remained well. Direct ex- 
amination of the rat louse, therefore, was also negative. 

Experiments with Polyplax spinnlosus 

In view of the fact that some of our wild rats of the breeding stock 
were heavily infested vdth Polyplax spinulosus, it seemed ad\nsable 
to investigate the possible role of this insect as a vector of the virus 
of typhus from rat to rat. Many of the lice were examined for 
Rickettsiae before the experiment was started and no organisms were 
found which could have caused confusion. 

Ex peri men i L — Two rats (Nos. I and 2) were benzolized b\* the method dc* 
scribed by Zinsser and Castaneda (3) and inoculated with tunica washings rich in 
Rxchetisia prowazeki, using our original strain of Mexican U^phus. 3 days after 
inoculation both rats had fever and looked sick. The fever lasted for 4 days in 
one rat (No. 1), the other (No. 2) died on the 3rd day of fever with numerous 
Rickettsiae distributed over the whole peritoneal surface. On the 12th day after 
inoculation it was noticed that numerous lice were dead between the hairs of the 
surviving rat. Six living lice were therefore removed and smears of them ex- 
amined for microorganisms. .*\n astonishing number was found in the Gicms.i- 
stained smears of all six lice. The picture looked entirely like those ob.-er-/cd in 
smears of Prdiculus kumar.us infected with the virus of l\*|ihus. The intestinal 
contents were crowded with minute rosC‘rc<J staini.ng microorganifms, exhibiting 
the polar staining and morphology of Rickettsia prrz-az'^li. 

About thirty lice were emulsified after steriliaation of the suriaccs X’.itl: 
cent alcohol and inoculated into two male guinea pigv Th.e rractl.^n <*f these 
animals is shown in Table I. 
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The rat was now killed and an emulsion of its entire brain inoculated into a male 
guinea pig. Another guinea pig received twelve lice. Table 11 gives the reaction 
of these two animals (A and B). 

This experiment confirms Experiment 1 in showing that rat lice, 
feeding on typhus-infected rats, become infected, and in addition it 
demonstrates that such lice may transmit the infection to another 
rat, by a mechanism approximating the natural relationship in which 
lice wander from one rat to another. Although the rat infected by 
means of the lice taken from the artificially inoculated animal showed 


TABtE n 


Date 

Guinea Pig A 

1 

Guinea Pig B 

mgm 

Inoculated with twelve lice 

Inoculated with brain of Rat 4 


39.1°C. 

39.8°C. 

June 7 

39.4°C. 

39.2°C. 

June 8 

39.2°C. 

39°C. 

June 9 

39.5°C. 

39.2°C. 

June 10 

40.7°C. (Scrotum very swollen) 

39.2°C. 

June 11 


39.6°C. 

June 12 

Killed. Autopsy typical \Wth 

39.7°C. 

June 13 

veiy” numerous Rickettsiae in 

39.8“C. 

June 14 

tunica. Cultures negative 

40.2°C. (Scrotum vexy swollen) 

June 15 


40.4°C. “ “ ‘‘ 

June 16 


40.4°C. “ “ “ 

June 17 


40.5'’C. (Swelling less.) Killed. 
Autopsy t>’pical. Few Rickett- 
siac in tunica 


no manifest symptoms, it developed a Weil-Fclix reaction and lice fed 
upon this animal developed Rickclisiac, In spite of the negative clini- 
cal course of the rat infected by having lice feed upon him, the brain 
of this animal carried the virus, as was demonstrated by guinea pig 
inoculation. 


Expcritncnls vcilh Miles {I^claps cchidninus) 

The jar in which the rats of Experiments 1 and 2 were l:cpt had pre- 
Nnously been used for breeding Laclaps cchidiiiKus on normal white 
rats. It contained a large number of this species when the t>7)hus- 
inoculated rats were put into the jar. On several occasions after 
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only, we have the impression that the Rickettsia prowazeki multiplies 
in this insect within the epithelial cells of the gut, destroying its en- 
tire lining and leading eventually to the death of the vector. Con- 
sidering the very small amount of blood ingested by the rat louse, a 
purely mechanical transmission of the virus in our experiments can 
be excluded. Besides, the appearance of large niunbers of Rickettsia 
prowazeki in the gut is clear evidence of the multiplication of the virus, 
since the etiological significance of Rickettsia prowazeki has been 
demonstrated beyond any doubt. 

Our results with ticks and mites are also significant in this connec- 
tion. In none of the arthropods could Rickettsia prowazeki be demon- 
strated. The two experiments with Ornithodoros Uiricaia are easily 
explained by the survival of the virus of typhus for 2 days in the rela- 
tively large amount of blood ingested by the tick. Such survival of 
the virus can also be met with in specimens of blood and tissues kept 
in ordinary culture media. 

The incubation period of Mexican typhus in guinea pigs is closely 
related to the amount of virus inoculated; the more virus injected 
the shorter the incubation period. Comparing the two guinea pigs, 
A and B, inoculated \vith lice and brain respectively in louse Experi- 
ment 2, we are justified in concluding, therefore, that the twelve 
lice carried more virus than the entire brain of the rat on which they 
had fed. 

The number of lice which became infected was apparently depend- 
ent on the severity of the t\T)hus infection sustained by the rats. While 
Rickettsiae were found in all the lice collected on the benzolized Rat 
1, Rickettsiae appeared only in a certain percentage of the lice taken 
from the two other rats. The same phenomenon can be observed in 
Pediculus Innnatws fed on typhus cases. Although practically 100 
per cent of lice, feeding on a severe case with extensive rash, will finally 
show Rickettsia prowazeki^ lice put on mild cases with scant or no 
rash become infected much less regularly and even negative results 
arc not infrequent. These considerations detract to some extent 
from the weight which certain European observators have given to 
the inapparent or abortive human cases of t\*phus, vrith regard to the 
maintenance of the infection during intcrcpidcmic periods. 

T he discovery' of the Ndrus of typhus in wild rats in certain com- 
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uncertainty, in view of our Tvork on ticks and bedbugs (5), and 
the brief survival of the virus in many insects must be taken into 
consideration. 


CONCLUSIONS 

Polyplax spmidosus, the common rat louse, is easily infected with 
the virus of typhus by feeding on infected rats. As in the case of 
Pediculus hiimaniis, such feedings are followed by the appearance of 
large numbers of Rickettsia prowazeki within the gut of the insect. 
The virus of Mexican typhus can be transmitted from rat to rat by 
Polyplax spimilosus by methods of feeding simulating natural condi- 
tions. It seems, therefore, that this ectoparasite is an important 
factor in maintaining an endozoic of Mexican typhus among ndld rats. 

We are indebted to Dr. Rafael Silva, chief of the Department of 
Health of Mexico, for his very numerous courtesies. 
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Serological analyses of the constitution of the motile bacilli have 
established the existence of a heat-labile agglutinogen associated wth 
the flagellae and of a heat-stable agglutinogen contained in the bacil- 
lary bodies. Whereas there appears to be no antigenic difference in 
the flagellar substance of the smooth and the rough forms, the studies 
of the somatic antigens of these variants have not led to clean-cut 
results, although the tendency has been to consider them entirely 
dissimilar. 

The purpose of the present paper is to present the results of cross- 
agglutination and agglutinin absorption tests, using the four kno^ra 
variants of B, typhosus^ namely the motile smooth, non-motile smooth, 
motile rough, and non-motile rough forms, and to suggest a formula 
for the antigenic composition of these strains. 

As a result of the work on the dissociation forms of various motile 
bacilli by Malvoz (1), Smith and Reagh (2), Orcutt (3), and Walker 
(4) dealing with the flagellar and somatic antigens and by Weil and 
Felix (5), Arkwright (6), Gardner (7), White (S), Li (9), and others 
working with the rough and smooth, as well as with the motile and 
non-motile forms, the following antigenic fractions have been assumed 
to be present in these organisms: (1) the flagellar antigen H; (2) 
the smooth body antigen 0; (3) the rough body antigen P or R. 
Thus, the smooth motile form (MS) would have the antigenic com- 
Ix)sition HO; the smooth non-motile form (NS) the composition O; 
the rough motile form (MR) the composition HO; and the rough 
non-motile form (NR) the comjx)silion O. I’herc would, therefore, 
be no somatic antigen common to the smooth and the rough variants. 
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VARIANTS OF B. TYPHOSUS. I 


The theoretical results of agglutination tests based on this assump- 
tion would be that the anti-MS serum would agglutinate all but the 
NR antigen and the anti-MR serum would agglutinate all but the NS 
antigen, while the anti-NS and anti-NR sera would agglutinate only 
the smooth and the rough strains respectively. 

Li, working with these four variants of the hog cholera bacillus, 
has reported results in close agreement with this theoretical scheme of 
agglutination, except that his anti-NS (0) serum agglutinated the 
MR (H0) antigen, although they presumably contain no common 
antigenic factor. 

Gardner’s actual experiments witli B. typhosus do not correspond 
quite so closely with the theoretical results since his anti-MR serum 
agglutinated the NS culture and his anti-NR serum agglutinated both 
the MS and the NS cultures. These differences, however, he believes 
to be due to the fact that he used for the NS and NR antigens boiled 
suspensions of the corresponding motile forms and that the boiling 
not only destroyed the flagellar antigen but tended to change the 
smooth somatic (0) antigen to the rough (R) form. 

In the course of a test to determine the immunological response to 
the usual typhoid vaccination with smooth and with rough vaccines, 
the writer (10) found that the sera of three individuals receiving the 
rough vaccine, containing both MR (H0) and NR (0) forms, agglu- 
tinated an NS (0) culture, and that the sera of three individuals 
receiving the smooth vaccine, containing both MS (HO) and NS (0) 
forms, agglutinated an NR (0) culture. 

Since these tests indicated that the smooth and rough variants of 
B. typhosus possess a common somatic agglutinogen, a fact not in 
accord with the conception of antigenic composition outlined above, 
it was clearly necessary to confirm the results by agglutination and 
agglutinin absorption tests, using each of the four variants (MS, NS, 
MR, and NR) in pure culture. 

EXPERIMENTAL 

The variant strains used in the following e.tperiraent were derived from two 
cultures. The motile smooth strain (MS) and the non-motile smooth strain (NS) 
were obtained from motile and non-motile colonies of a culture freshly isolated 
from a c.asc of typhoid fever. The motile rough strain (MR) and the non-motile 
rough strain (NR) were from a stock strain of B. lyphosus (Rawlins). The 
following characteristics distinguished the four variants: 
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MS: Surface colonies on agar plate — smooth. Deep colonies in semisolid 
agar — large and irregular. Motile. Virulence for mice — 0.01 cc. to 0.001 cc. of 
18 hour broth culture. Number of organisms lolled by 0.5 cc. of a 1/12 dilution 
of human blood — 12 to 1,200. 

NS : Surface colonies on agar plate — smooth. Deep colonies in semisolid agar — 
small and compact. Nommotile. Virulence for mice— 0.01 cc. to 0.001 cc. of 18 
hour broth culture. Number of organisms killed by 0.5 cc. of a 1/12 dilution 
of human blood — 12 to 120. 

^IR: Surface colonies on agar plate — rough. Deep colonies in semisolid agar — 
large and irregular. Motile. Virulence for mice — 1,0 cc. of an 18 hour broth 
culture. Number of organisms killed by 0.5 cc. of a 1/12 dilution of human 
blood— 1,200,000. 

NR: Surface colonies on agar plate — rough. Deep colonies in semisolid agar — 
small and compact. Non-motile. Virulence of mice — 1.0 cc. 4- of an 18 hour 
broth culture. Number of organisms killed by 0.5 cc. of a 1/12 dilution of 
human blood — 1,200,000. 

The virulence of the NS culture for mice was usually somewhat greater, and 
never less than that of the 1^1 S culture. The NR culture 'was slightly less \drulent 
than the MR culture. 

In preparing the sera for the animal experiments, the rabbits were given seven 
intravenous injections of 0.5 cc. of the vaccines MS, NS, MR, and NR respectively 
at 7 day intervals, and were bled 9 days after the last injection. The antigens 
for the agglutination tests were the same suspensions that were used for producing 
the respective sera, but were diluted with three parts of broth for the agglutination 
tests. 

The agglutinations were carried out by adding 0.5 cc. of a diluted formalinizcd 
broth culture to 0.5 cc. of the scrum dilutions. The reactions were read after 2 
hours in the water bath at 53°C. and again after 18 hours in the refrigerator. The 
suspensions used for absorbing the sera were 24 hour cultures on hormone agar in 
Kollc flasks washed off with normal saline, heated to 56®C. for 1 hour, divided into 
the requisite number of tubes, and centrifuged. 

For absorption 2 cc. of a 1/10 dilution of the scrum were added to the growth 
from one Kollc flask, incubated for 1 hour in the water bath at 53 'C., centrifuged 
and the scrum added to the growth from a second Kollc flask, returned to the 
water bath for an hour, and allowed to stand overnight in the refrigerator before 
centrifuging. Further absorption failed to reduce the titre of the sera. 

The four antigens were controlled with normal rabbit scrum, and showed no 
• agglutination in dilutions of 1/100 and over. 

From Tabic I, Column 2, it is seen that not only docs the anti-MS 
scrum agglutinate the XR culture and the anti-MR scrum agglutinate 
the XS culture, but the anli-XS serum agglutinates the XR culture 
and the anti-XR serum agglutinates lx)lh the MS and XS cultures. 
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killed at 56°C.; but 3 hour cultures agglutinate to titre whether living, 
formalinized, or heat-killed, as do the 24 hour cultures after heating to 
75°C. for 30 minutes. 

The cross-agglutination experiments here recorded were repeated 
on a number of occasions. 24 hour living broth cultures were sub- 
stituted for the formalinized suspensions and sera prepared with 
boiled cultures of the motile strains were used in place of the anti-NS 
and anti-NR sera. The results, while varying slightly in agglutination 
titre, were always confirmatory of those given in Table I. 

The absorption tests recorded in Table I show that whereas the 
non-motile cultures naturally fail to absorb the flagellar agglutinin 
from the anti-MS and anti-MR sera, each of the cultures completely 
removes the granular, somatic agglutinin from each of the sera, except 
that the MS culture still gives granular agglutination with the anti-MS 
and anti-MR sera after absorption with these cultures. 

DISCUSSION 

The cross-agglutination tests with the four variants of B. typhosus 
here reported can only be explained by assuming the presence of a 
common antigenic factor in the smooth and the rough forms, and the 
agglutinin absorption experiments confirm this assumption. The 
results reported by Li working with the same four variants of the hog 
cholera bacillus can readily be explained on the basis of the presence 
of tlu-ec antigenic constituents, H, 0, and 0 in different combinations 
in the four strains. Since the results here reported vnth B. typhosus 
cannot be explained on the basis of the presence of these three antigenic 
constituents, it would appear that one cannot generalize from the 
reactions of one member of the enteric group of organisms. 

The possible objection that the cultures used in these experiments 
were not pure tj^pe variants was guarded against by numerous ex- 
aminations of the cultures used in preparing the antigens. Both 
smootli and rough strains were examined on a number of agar plates, 
and the rough strains were further tested for the possibilitN' of reversion 
to the smooth form by passage through mice and guinea pigs. Further, 
the rough strains were passed through twenty subcultures in 20 per 
cent homologous rough antiserum broth without increase in virulence 
or the appearance of smooth colonies. The non-motilc strains were 
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To explain the results one must assiune the presence of a common 
somatic antigen in the four variants of B. typhosus and of a flagellar 
antigen common to the two motile forms. Analyses, as yet incom- 
plete, would indicate that the common somatic antigen is connected 
with the body protein of the bacilli, and that the factor which difiler- 
entiates the smooth from the rough forms is the carbohydrate fraction 
which does not act as an agglutinogen. Whether the difference 
between the smooth and the rough variants is due to tlie presence of 
two different carbohydrates, S and R, or to a difference in the amount 
of S in the two forms is as yet undetermined. 

Since the initials H (Hauch) and 0 (oJme Eatich) first used by Weil 
and Felix to describe the appearance on agar of the motile and non- 
motile forms of B. proleus, have no significance when applied to B. 
typhosus, and since the designations 0 and 0 (or R) applied by other 
writers to the smooth and rough antigens do not appear, in the case 
of B. typhosus, to designate different substances but merelj’- the same 
constituent combined in one case with the soluble specific substance 
(S) and in the other either with a small amount of S or with the 
carbohydrate of a rough form, the following fractions arc suggested as 
composing at least the more important antigenic constituents of the 
four variants of B. typhosus: P, the somatic antigen common to all 
four forms; F, the flagellar antigen of the motile forms; S, the soluble 
specific substance contained in the smooth forms; and R, the rough 
carboltydratc. The antigenic composition of the variants would then 
be as follows: 


Motile smooth (MS) 
Xon-molilc smooth (XS) 
Motile rough (MR) 
Xon-motile rough (XR) 


■= r + S + F 
= P + S 
= P + F (+R) 
■= P (+R) 


In this theoretical composition, the experiments here described 
establish the presence of the same somatic agglutinogen (P) in all four 
variants and give no ex])erimental supfxirt to the previous theory that 
the smooth virulent organisms had an antigen O distinct from the 
substance O of the rough non-virulent organisms. The e.xistcnce in 
the motile forms of a heat-labile flagellar agglutinogen F is cont'irmeel; 
but the nature of the substance S to which the vinilence of srr.<X)th 
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CUTANEOUS REACTIONS IN RABBITS TO THE TYPE- 
SPECIFIC CAPSULAR POLYSACCHARIDES OF 
PNEU]\10C0CCUS 

Bv THOI^I AS FRANCIS, Jit, and mLLlAU S. TILLETT, M,D. 

{From the Hospital of The Rockefeller JnstiUitc for Medical Research) 
(Received for publication, July 7, 1931) 

It has previously been shown (1) that, following the intradermal 
injection of the type-specific polysaccharides of Pneumococcus, there 
develops in the skin of patients convalescent from pneumonia an 
immediate wheal and erythema reaction to the polysaccharide homo- 
logous in type to that of the pneumococcus causing the infection. The 
reaction is type-specific and its occurrence is always associated with the 
presence in the patient’s serum of specific antibodies for the homolo- 
gous type of Pneumococcus. 

Since the purified carbohydrates are capable of eliciting this striking 
response in the skin of human individuals who, upon rccoverj" from 
lobar pneumonia become spontaneously immune, it seemed desirable 
to study the cutaneous rcacti\dty of experimental animals which had 
been artificially immunized to tjj)c-spccific pneumococci. The pur- 
pose of this paper, therefore, is to report the occurrence of a local 
cutaneous reaction to the t}"pe-specific poh'saccharides in rabbits 
actively or passively immunized to the pneumococcus. 

Materials and Methods 

1, Iviviunizalion of Rabbits . — 

(a) Active !f7:muK{zaiiof!. — Groups of rabbits were immunized xrith pneumo- 
cocci of T}7 >cs I, II or III. Other animals were immunized with a non-type- 
specific R strain of pneumococcus. Immunization was carried out by the method 
of Cole and Moore (2). 10 days after the final injection, blood was obtained from 

an car vein and the serum tested for the presence of t\7>e-spcdfic antibodies. 

{^) PoJiirr Ifrimur.izaticf :. — .\ntipncumococcus rabbit serum v>*a5 obtained 
from animals immunized as al>ovc. Antipncumococcus liorse serum far each of 
Types I, II and III was obtained from the New York State Board cf Health. 
Rabbits were passively immunized by the intravenous injection of 5 to 15 cc. cf 
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one or other of these sera. The following day blood was obtained from an ear vein 
for the determination of circulating type-specific antibodies. 

2. Determination of Type-Specific Antibodies . — 

(a) Type-specific antibodies were detected by the precipitin test; 0.2 cc. of 
serum diluted to 0.5 cc. with ph3’^siological saline was mixed with 0.5 cc. of varjing 
dilutions of the type-specific potysaccharides. Readings were made after 2 hours 
in the water bath at 37°C. and overnight in the ice box. 

(b) TjTJe-specific agglutinins were determined bj'^ the usual method using dilu- 
tions of serum and suspensions of heat-killed organisms. 

3. Skin Testing Materials . — Skin tests were made witli the capsular polysac- 
charides of pneumococcus derived in purified form from Pneumococcus Tj'pes I, 
II and III. These substances are chemically and serologically distinct. They 
are protein-free. The Type II and Type II polysaccharides are also nitrogen- 
free; the T)rpe I material contains 5 per cent non-protein nitrogen Avhich is part 
of the sugar molecule (3). The po^’^saccharides were dissolved in phj'siological 
saline in a concentration of 1 :200 and 0.1 cc. of this solution, containing 0.5 mg. 
of polysaccharide, was used for each injection. The animals were closely obseiv'ed 
for the occurrence of an immediate or delaj’^ed reaction. Measmements were 
recorded 24' hours following the injection and daily thereafter. 

In most instances the specific capsular polysaccharides of Types I, II and III 
Pneumococcus were injected simultaneously into neighboring sites in the rabbit s 
skin. 


Skin Reactions in Actively Immunized Rabbits 

Three series of rabbits were actively immunized with pneumococci 
of Types I, II and III, respectively. After immunization, injections 
of the t}^e-specific polysaccharides into the skin were made. 

Protocols of rabbits representative of the three different immune 
groups illustrate the conditions of experiment and characteristic 
results. 

Rabbit 4-74 was actively immunized to Tj’pe I Pneumococcus by the intrave- 
nous route. 10 daj'S after the final immunizing injection, the animal’s serum con- 
tained specific precipitins for the T3’pe I pob’saccharide in a titer of 2,560,000. 
The following da3’ injections of 0.5 mg. of each of T3'pes I, II and III pob'saccha- 
rides were made into the shaved skin of the side. hours later a few faint 
purpuric spots were obser\'cd at the site of injection of the T3pe I material. The 
lesion increased in size imtil at 24 hours a purpuric edematous area 2.5 cm. m 
diameter was noted. In 48 hours the diameter had reached 3.0 cm., the edema 
was less but the purpura had darkened and infiltration had increased. A gradual 
clearing took place over the ne.xt 4 da3-s. .At the sites of injection of the Tvpc H 
and Tx-pc III materials no evidence of reaction was observed. 
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Rabbit 4-41 was actively immunized against Type II Pneumococcus. 10 days 
after immuni^tion was completed the serum contained precipitins for the Tjj)e II 
polysaccharide in a titer of 1,280,000. The following day, injections of 0.5 mg. 
of each of the Type I, II and III polysaccharides were made into the skin of the 
side. 24 hours later, at the site of injection of the Type II polysaccharide, a firm 
edematous lesion, bright red in color, and measuring 4.5 cm. x 2.3 cm. in cross 
diameters was noted. No purpura was present. The lesion had practically 
cleared in 4 days. No reaction was elicited by the carbohydrates of T>i)es I and 
III. 

Rabbit 14-85 was immunized with a strain of Type III Pneumococcus which 
had, by repeated animal passage, acquired virulence for rabbits. On the 10th 
day after the last immunizing dose the serum contained precipitins for the Tjpe III 
polysaccharide. With a 1:80,000 dilution of the polysaccharide a +4- + + reac- 

TABLE I 


Skin Reactions to Type-S pacific Polysaccharides in Rabbits Actively Immunized 
with Pneumococci of Homologous Types 


Tj'pe of 

Pneumococcus used 
for immunization 

T>'pc*5pcciCc precipitins present 

No t>’pc-spcciCc precipitins present 

No. of rabbits 

No. giving skin | 
reaction 

No. of rabbits 

No. giWng skin 
reaction 

I 

11 

10 

4 

0 

II 

9 

8 

3 

0 

III 

5 

3 

8 

0 

R 

— 

— 

5 

0 


lion was obtained. Higher dilutions were not tested. The following day 0.5 
mg. of each of the polysaccharides of Tj'pes I, II and III was injected into the 
shaved skin of the side. After 24 hours at the site of injection of the T\7>clll 
polysacdiaridc, there was noted a slightly elevated, firm, purpuric area 2.6 x 3.4 
cm. in diameter, surrounded by a white zone of edema. The lesion gradually 
subsided until the 6th day when only a faint pigmentation remained. The reac- 
tion was t\*pc-spcdfic; no reaction w’as produced by the T>7>cs I and II 
carbohydrates. 

The foregoing protocols demonstrate clearly the form of reaction 
obtained and the conditions under which it was produced. Tabic I 
shows the frequency with which skin reactions were elicited by the 
intradennal injection of the homologous polysaccharide in rabbits 
actively immunized with pneumococci of Tj-pes I, 11 or III, or with 
an R strain of pneumococcus. 


li 
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The failure in these instances may be due to the fact that insufficient 
immune serum was injected. 

Attempts were next made to induce skin reactions to the type- 
specific polysaccharides in animals passively immunized with serum 
of horses immune to Pneumococcus Types I, II or III. Fourteen 
rabbits were injected: five with T}rpe I serum, three wth Type 11 
serum and six with Type III serum. 10 to 15 cc. of immune serum 
were injected intravenously, although in one rabbit only 5 cc, of 
serum were used. The following day the serum of all the passively 
immunized rabbits was found to contain a high titer of precipitins 
for the homologous polysaccharide and in each instance a well marked 
cutaneous response to the intradermal injection of the polysaccharide 
occurred. The character of the reaction was identical in everj^ respect 
vnih that obtained in actively immunized animals. No reactions to 
the polysaccharides of heterologous types were observed. 

Local passive transfer of sensitivity was carried out in rabbits by 
infiltrating each of two areas of skin with 1.0 cc. of immune horse 
serum. After 24 hours there were seen at the sites of serum infiltra- 
tion small flat areas of erythema. Into one of these areas 0.5 mg. of 
the homologous polysaccharide was injected and into the other, as 
control, an equal amount of a heterologous polysaccharide. 24 hours 
later, at the site of inoculation of the homologous polysaccharide, a 
deep red, elevated edematous area 2 to 4 cm. in diameter was observ^cd 
and this persisted for 48 to 72 hours. At the control site there re- 
mained onl}’' a pale erythema due to infiltration of the serum. 

Guinea pigs were passively immunized by intraperitoneal injections 
of antipncumococcus horse or rabbit serum. The animals which 
received immune horse scrum showed no signs of local or general 
reaction to the subsequent intradermal injection of the homologous 
typc-spccific polysaccharide. Similarly, no cutaneous reaction to 
the polysaccharide was observed in those guinea pigs passively immun- 
ized with rabbit serum. In several of the latter group, however, mild 
signs of general anaphylaxis (restlessness, coughing, scratching of 
nose, etc.) were noted shortly after the introduction of the specific 
substance into tlic skin. Tillctt and Avery (4^ were able to induce 
fatal anaphylactic shock with minute amounts of the type*s]X‘cif:c 
polysaccharide in guinea pigs passively sensitized with homologous 
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hypersensitiveness associated with a broad, non-type-specific increased 
active resistance. 

When an animal has been effectively immunized with a virulent, 
encapsulated type-specific pneumococcus, type-specific anticapsular 
antibodies appear in the circulating blood. The animal has developed 
not only a highly efficient t)T)e-specific active immunity but its serum 
affords passive protection to mice against many lethal doses of pneu- 
mococci of the same type. This type-specific immunity is the form 
observed in convalescents from lobar pneumonia. In association 
with immunity due to t5q)e-specific antibodies, the intradermal injec- 
tion of the type-specific capsular polysaccharide incites a response 
characteristic for the species. The reaction to the intradermal 
injection of the capsular polysaccharides of Pneumococcus maybe 
termed, therefore, a hypersensitive or anaphylactic response occurring 
only in the presence of type-specific immunity. 

SUMilARY 

The injection of the type-specific capsular polysaccharides of Pneu- 
mococcus Tjpes I, II and III into the skin of rabbits, actively or 
passively immunized to one of these tjpes of Pneumococcus, elicits 
a type-specific cutaneous reaction. The form of reaction resembles 
that described by Arthus. The reaction is produced only when t\pc- 
spccific precipitins for the homologous polysaccharide arc demonstra- 
ble in the blood of the rabbit. In 84 per cent of actively immunized 
rabbits, the serum of which contained t>pc-specific precipitins, a 
reaction was elicited. A positive result was obtained in 100 per cent 
of rabbits passively immunized with antipneumococcus horse scrum 
whereas, attempts passively to transfer reacti\aty from immune rabbit 
to normal rabbit were unsuccessful. The recipients, in the latter 
group, possessed no demonstrable circulating Upe-specific precipitins. 
The reaction produced by specific capsular carbohydrates is always 
associated with a well grounded t\pc-spccific immunity. 

A brief summaiy of the relation of hypersensitiveness and immunity 
to pneumococcus is given. 
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SERUM SICKNESS IN RABBITS 
I. Manipestations oe Serum Sickness 

By MOYER S. FLEISHER, 2VI.D.J and LLOYD JONES, Ph.D. 

{Fro 77 i the Depart77ic77i of Bacteriology and Hygiene, Si. Loins University School of 

Medicine, Si. Louis) 

Plate 54 

(Received for publication, June 19, 1931) 

The occurrence in man of reactions subsequent to a first injection of 
certain foreign proteins has long been recognized and, following the 
general use of antisera of various t^q^es, these reactions were thoroughly 
studied by von Pirquet and Schick (1) who gave the name serum sick- 
ness or serum disease to this phenomenon. It was possible to study it 
quite extensively as it occurs in man. However, the occurrence or 
production of an analogous condition in laboratory animals has not 
to our knowledge been reported and it has, therefore, been impossible 
to study this condition experimentally.^ 

It appeared improbable that man should be the only species in 
which scrum sickness might occur and our effort to produce this 
disease was based upon the assumption that some laboralorj' animals 
should be susceptible under certain conditions. The literature con- 
cerning scrum sickness in man shows quite definitely that the occur- 
rence rate of this disease is greater in proportion to the amount of 
antiserum injected. It seemed, therefore, that experimental work 
would have to be carried out with injections of relatively large doses 
of scrum. The animals used in these experiments, rabbits, were chosen 
because in some respects at least tlicy seem to stand closer to man in 
reactions of hj^pcrscnsitivcncss than do guinea pigs. 

* Bederc, Chambon and Mtnard (2) noted in cnltlc the appearance cf varied 
forms of eruptions, rise of body temperature and c\*idcnccs of dhnldlity 
uith locomotion npiKarlng npproximntdy A days cfjcr the injection cf 
quantities of horse scrum. 
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trauma associated with the manipulation of the ear. It appeared that 
this was not the case in view of the fact that the reactions occurred 
both in the ear used in the injection and in the other ear. However, 
we used other routes for introduction of the serum; at first, because the 
reactions had followed intravenous injection, we injected a number of 
animals either intracardially or intrajugularly (this latter method 
necessitating operative procedure), and it became evident in view of 
the positive results in these latter groups that the site of intravenous 
injection had no influence on the result. Rabbits were also injected 
intramuscularly and a few subcutaneously and in these also the reac- 
tions appeared in the ears. In the majority of later experiments the 
serum was injected into the subscapular tissues- since this route of 
administration was essentially one of the easiest and since the results 
compared favorably with any of the other modes of administration 
which were tried. The serum was in each animal injected half under 
the right scapula and half under the left one. 

In the majority of our experiments we used white rabbits since they 
proved to be more satisfactory than colored ones. The reactions 
were more evident on their cars than on the ears of rabbits having 
darker hair. However, marked reactions were observ’^ed in brown 
and even black haired rabbits and there was no difficulty in recognizing 
the reactions in these animals. Our impression however was that the 
occurrence of the reaction was somewhat less frequent in the colored 
animals, but the number of these does not permit a final statement. It 
is possible also that certain conditions associated with the experiments 
carried out with these colored animals were responsible for the smaller 
percentage of positive reactions. 

It may be noted that the occurrence of hemorrhages, localized 
crjlhcma and localized edema is more frequently seen in cars of normal 
white rabbits than in the cars of normal colored animals. 

As previously stated the reactions were quite evident but they must 
and can readily be diflerentiated from the reactions occurring in the 
normal rabbit. The anatomical distribution, apart from the intensity 

-This route of admlnistnilion v.ns sueecsted by Dr. John Auer on the 
lion ih.at the mn.ssapni: due lo the a^n'lnni niovTmcnt of the f«jrr!rr'' %vuu] ! 
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almost constantly, noted on the ears of normal rabbits. They may appear in 
almost any portion of the ears. Frequently they are associated with trauma such 
as scratches either on the posterior or more frequentl}'* on the anterior surface of 
the car. At times the hemorrhagic areas suggest dehnitely by their arrangement 
that they are due to scratches but it may be impossible to observe any abrasions 
associated with these. It may be noted that hemorrhages of varjdng degree 
appear both in rabbits which were caged with others and in those which were 
alone in a cage. Hemorrhages in the ear may at times result in thickening of 
the car at such areas. Hemorrhages are to be considered as normal appearances 
and not in any way characteristic of the reactions associated with serum sickness 
in rabbits. 

Definite vascular changes of various tj-pes may be noted. A dilatation of the 
larger vessels occurs more or less frequently; somewhat less frequent in occurrence 
is a widespread dilatation of the entire capillary" (or arteriolar and venular) bed of 
the ear. Particularly this latter type of appearance may rise and subside as the 
cars are watched for a minute or more. These reactions arc to be considered 
essentially as of normal occurrence. However, it has frequently been noted that 
in injected animals from 6 to 24 hours before the appearance of the t\pical reac- 
tions the alternation of dilatation and contraction of the small vessels may be 
seen; this is not a constant occurrence however. It must be recognized that 
while these reactions of vascular instability raa^^ give to the cars the appearance 
of marked redness, this appearance comes and goes as one observes the cars, and 
has no permancnc>\ 

Often about the larger vessels and less frequently about the smaller ones a 
slight redness extending for 1 or 2 mm, on either side may be noted, giving the 
vessels a fuzzy appearance. This is not due to hemorrhage since it disappears on 
pressure. This reaction like those discussed above is to be considered as one 
occurring in animals which had not received horse scrum. 

Areas of duskiness may often be noted on the ears. A limited area may appear 
darker than the remaining car surface; most frequently this occurs in the outer 
median area (triangle) of the car. Frequently it appears assodaicd with the 
fading of scattered pcledual hemorrhages in this portion, and may then have a 
brownish dusky appearance. These reactions again arc essentially diiTcrcnl 
from those appearing in the car after injection of scrum. 

Limited and scattered areas of cty’thcma appear from time to time in a vciy 
large per cent of the normal rabbits examined. These areas arc usually dbcrclc 
and relatively small and may occur an\nvhcrc in the upper two- thirds of the ear, 
again more often in the limited portion within the middle outer third (tri,anglc) of 
the car. Frequently also sucli areas arc seen well towards the median margin 
in the upper two^thirds of the car. Occasionally sudi areas arc noted in the lov^er 
portion but it must be kept in mind that in the norma! animal they Lnvolve only 
limited areas and do not simulate the widespread erj'ihcma recn in injected 
animals. Most frequently one small cr)*ihrmatou« arm from 0.5 to 1 cr;r. in 
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diameter may be seen; less frequently but by no means exceptional!}’’ two or three 
and occasionally more suclr areas may be noted but they are usually quite widely 
separated. In only three of tlie 147 normal rabbits was a widespread distribution 
of the er}’’thema noted; one of these cases was associated with petechial hemorrhages 
involving a large part of the ear; in the other tw'o the etythema involved chiefly 
the two portions mentioned above — the outer middle third and the inner upper 
two-thirds of the ear. It is essential in examining the ears that the presence of 
scratches associated with the erythema be carefully searched for since frequently 
these are the presumptive causal factors underhung the limited erythematous 
areas. 

Edema may at times occur associated ■ndth the erythematous or hemorrhagic 
areas. Actually this has been noted at one time or other in 35 of the 147 normal 
animals, that is in approximately 23 per cent of animals. It must be clear from 
■v\’hat has been said regarding the location of the erythematous areas that edema 
since it usually occurs with erythema is noted chiefly in the upper two-thirds of 
the ear, or in the so called triangle or along the inner margin. Occasional!}' edema 


TABLE I 

Degree of Edema in Normal Rabbits' Ears 


Edema 

1 ^ 

1 =lr 

+ 

12 

+ + 

5 

No. of rabbits 

2 

16 j 





is also noted along the line of the median vessels. In only three normal animals 
has edema been noted in the lower third of the ear. The presence of the edema 
is usually determined by pressing the ear between the fingers and then palpating 
for the ridge which should be present. The degree of edema varies widely; at 
times the ridge about the pitted area is just palpable, or at the other extreme the 
pitting resulting from the pressure may be visible to the eye. We have attempted 
to express the degree of edema by a scale running from very slight to marked, 
using as symbols; ?, ±, -f or + -f-. The occurrence of various degrees of edema as 
noted in the ears of normal rabbits appears in Table I. It is doubtful, however, 
whether the degree of edema is of any importance in differentiating between the 
reactions in normal and in injected animals. It is rather the location and the 
associated reaction which set apart the reaction in the injected animals. 

After the above description of the reactions whicli may be noted in 
normal rabbits it is possible rather briefly to point out the character- 
istics of the reactions occurring in injected animals. Only two of the 
above mentioned phenomena are to be considered as characterizing 
the reaction of serum sickness in the rabbit; these are erydhema and 
edema. The general picture of the reactions in the injected animal is 
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sharply different from that seen in the normal animal, and a few 
observations of the positive reactions actually serve best to fix their 
distinctive appearance. 

In all 136 injected animals are included in the obser\’'ations here 
discussed; 103 of these were injected with normal sera from various 
horses, while 33 were injected with various antisera. 

While the erythematous reactions in normal animals are discrete and 
limited in the areas involved, in the injected animal the greater part 
of the ear is reddened and is permanently red (that is we are not 
dealing with a transient vascular or capillary flushing). There is 
more or less of a pattern in the involvement; the central upper portion 
of the ear is more likely to be uninvolved leaving a wedge-shaped area 
relatively white and pale; at times the point of the wedge extends 
downward along either or both sides of the central vessels, reaching 
occasionally to the lower third of the ear. The outer upper quarter 

TABLE n 

Degree of Edema in Ears of Rabbits Subsequent to Injection of Scrum 


Edema 

? 

-4- 

29 

No, of rabbits 

7 

11 




may also be unaflfccted. The character of the erj^thema is different 
from that seen in normal animals. It is diffuse, not discrete, often 
fairly uniform in intensity or at times darker patches appear against 
the lighter flushed background. Often the erythematous cars appear 
distinctly mottled. The intensity varies and one may see reactions 
varying from a definite pink to an intense red. At times the crj'thema 
is morbilliform or at others it may be scarlatinal. Usually both ears 
of the rabbits arc affected but occasionally only one car shows the 
erythema; it is, however, exceptional that crj'thcma occurs in onh* 
one car. 

Krythema is more frequently noted than is the edema, and it may 
occur without the presence of edema. The edema may affect only 
one car although the involvement of both cars is frequent. 7'hc edema 
associated with the reaction in rabbiLs varies in degree miidj as does 
the edema in normal animals. In Table II wc have shown the number 
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positive. In all about thirteen animals in our series showed such 
doubtful reactions but in order to remain on a safe basis we have con- 
sidered animals presenting such reactions as non-reacting. It seemed 
to us preferable to set a distinctive and definite picture to be considered 
as the positive reaction. 

The number of animals observed is apparently adequate to serve 
for statistical presentation and therefore there are given below tabula- 
tions of various observations relating to the reactions in the rabbits. 
In this analysis only the rabbits injected with normal horse serum 
have been considered since it appears advisable for various reasons to 
consider separately at some later time the group of animals injected 
with the antisera. It is evident from Table III that approximately 


TABLE ra 

Occurrence of Various Types of Reactions in Ears of 103 Rabbits Subsequent to 
Injection of Horse Scrum 


General crjahcmi 
and edema, 
both definite 

General erythema, 
posili\*e; 

' edema questionable 

General c^dbema, 
positive 

Edema, positive 

Total considered 
positive 

58 

s 

7 


71 (CS.9%) 

General co’thcma, 
questionable 

Edema. 

questionable i 

ICo reaction 

1 

1 

Total considered 
ne;:ative 

7 1 

6 

19 i 


32(.11.19'c) 


70 per cent of the injected animals showed what we have con- 
sidered a positive reaction. The percentage occurrence of scrum sick- 
ness in this series of animals compares relatively well with the 
percentage reported as occurring in man following the injection of 
large doses of scrum. 

Since the sex was not noted in ten of the animals used in some earlier 
experiments the number of animals in Table IV showing the occurrence 
of reactions in the two sexes is smaller than the total used and listed 
in Table III. While it appears from Table IV that the reactions show 
a lower incidence in females than in males we hesitate to asrumc that 
this would be a correct statement of the fact. We have noted fre- 
quently that prcgitancy seems to cause a suppression of the reaction 
and a number of the female rabbits proved to h.avo been prc^rnar.l 
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Table VI. The figures are presented regardless of the quantities of 
serum injected. Irrespective of the route of administration of the 
serum, positive reactions were obtained. It is also evident that the 
reactions on the ears were not in any way dependent upon extravasa- 
tion of horse serum into the tissues of the ear during the course of 
injection, which might have been the case when injections were made 
into the ear vein. Certainly introduction of the serum by any of the 
routes used, excepting through the ear vein, should result in no ab- 
normal or special localization of serum in the tissues which later showed 
the reaction. In the small series of animals given subcutaneous injec- 
tions the percentage occurrence of positive reactions is relatively low ; in 
addition to the uncertainty introduced by the small number of animals 
used, it should be noted that all of the non-reacting animals in this 
series were sick during the course of the experiment. It appears that 

TABLE \TI 

Influence of Quantity of Sennn Injected upon Reactions in Rahhits' Ears 


Serum injected pro kilo 

3 cc. 

5 cc. 


Total 

8 

31 

51 

No. positive 

0 

22 

36 

No. negative 

8 

9 

15 




when the animals are not in good health during the experiment the 
reactions tend cither to be questionable or negative. Many of the 
animals whidi arc noted as showing questionable erj^thematous reac- 
tions were sick, and as alread}" stated such reactions have been listed 
as negative ones. It docs not appear that the introduction of the 
scrum directly into the vascular system tends to increase the occur- 
rcnccof the reactions, when compared with otlicr routesof introduction. 

In Table VII is shown the number of rabbits developing a positive 
reaction subsequent to the injection of varjdng quantities of liorsc 
scrum. As staled previously the quantity injected was based u{x>n 
the weight of the animal and we used vaiying amounts pro kilo. The 
animals injected with 3 cc. pro kilo showed no positive reactions. 
There is certainly no evidence that injections of increasing amounts 
of serum lend to increase the occurrence of the reaction; po'^sibly 
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During the periods that the reactions were present there might occur 
variations in the degree of erythema, or of the edema, or one might 
disappear and the other persist. It can then be stated that the reac- 
tions showed at times periods of exacerbation and remission without 
at any time during their duration showing complete disappearance. 
We have never noticed what might definitely be considered a recur- 
rence subsequent to disappearance of the reaction. In a few animals 
(20 in all) suspicious reactions of erythema and edema were noted on 
the 9th to 16th day after injection of the horse serum. However, these 
reactions cannot be considered as typical on the basis of the criteria 
which have been outlined above; the location, extent and general 
appearance left doubt as to their being typical and for these reasons 
we have not considered them as recurrent reactions. It may be that 
the criteria are too strictly dravm, but until considerable additional 
evidence is available it seems preferable to exclude these reactions 
noted at or after the 9th day subsequent to the injection, from the 
classification of reactions due to the injection of the serum. 

It was stated above that a series of rabbits were injected with various 
antisera.^ In this series of 33 rabbits tjqiical reactions were noted in 
eleven animals, or in 33 per cent. A larger proportion of these reactions 
occurred in a group injected with the concentrated antistrcptococcus 
serum in contrast with a group injected with the antidiphtheritic 
scrum. Since, however, in this latter group there were many rabbits 
with colored cars (browm) and since there is the definite suggestion 
that such animals do not react as well as do rabbits with white cars, 
we hesitate to lay stress upon the percentage difference noted when 
comparing the group injected with normal horse serum with the group 
injected with the two antisera. We are planning a further study of 
reactions subsequent to the injection of various antisera. 

The important fact is, however, that the reactions occur subsequent 
to a single injection of various antisera as well as subsequent to the 
single injection of normal horse scrum. 

* \Vc wish lo express our appreciation of the kindness of Sharp and Dolin-ie in 
supplying us with diphtheria antitoxin as well as norma! horse scmni zrA of the 
kindness of Eli Lilly and Company in supplying us with concentratoi ar,ti«trtp- 
tococcus scrum and norma! horse semm. 
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days after injection and only 14 per cent later than 12 days after. 
Sturtevant (5) in his study of 500 patients treated with diphtheria 
antitoxin noted serum sickness as occurring as early as the 1st day after 
treatment; the greater number of cases appeared from the 5th to the 
9th day. Weaver (6) in a large series of patients given diphtheria 
antitoxin also reported reactions in the first 5 days but the majority of 
reactions appeared on the 6th to 10th days. It is evident that in the 
rabbits injected with horse serum a very large number showed reac- 
tions on the 5th and 6th days and only a few on either the 3rd, 4th, 
7th or 8th days. The interval between injection and appearance of 
the reaction is therefore not exactly alike in man and rabbit, but there 
is a marked similarity in the incubation period in the two species. 

The reactions appearing on the rabbits’ ears subsequent to the 
injection of horse serum are characterized by erythema and edema. 
It is true that in man urticarial rashes are probably the most constant 
phenomena. We have never noticed in rabbits any reactions which 
might be considered as responses to the itching associated with urti- 
caria; that is, excessive scratching of any parts of the body. However, 
the erythema on the rabbits’ ears was as has been stated previously 
often of a morbilliform or scarlatinal type and certainly may be con- 
sidered as similar to the erj^thema noted in man. Whether the edema 
noted in tlie rabbits’ ears should be considered as analogous to the 
urticarial edema in man or to the edema seen so often about the face 
is not determinable, but it might in view of the frequency vritli which 
it occurs seem more like the former. It is true that in rabbits the 
edematous areas were not sharply outlined and were not pale and 
therefore differ distinctly from urticarial wheals. It is probable^ 
however, that the edema of tlic rabbits’ cars may be considered as 
similar to one or another of the reactions occurring in man. 

SvTnptoms suggesting arthralgia, or evidence of swollen joints, 
were not noted in any of the animals, although careful observations 
were made in order to note any such reactions. It was not poFsible 
to be assured that in any of tlic injected or reacting rabbits the lymph 
nodes wore enlarged ; the difficulty of palpating tlic axillarv- or inguinal 
IvTnph nodes made it impossible to reach a conclusion in this regarti. 
However, in one rabbit whidi before injection showed a dinin of 
cnlargcxl Ivunph nodes running from the axilla to the groin, subsequent 
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CONCLUSIONS 

L The injection of a single large dose of normal horse serum into 
rabbits results in the appearance 3 to 8 days later of erythematous and 
edematous reactions on the ears in 68.9 per cent of the animals. 

2. The injections may be given by any of several routes and reactions 
appear when the site of injection is definitely distant from the ears. 

3. Injections of various antisera into rabbits cause the appearance 
of similar reactions. 

4. These reactions can be considered as manifestations of serum 
sickness in rabbits. 
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EXPLANATION OF PLATE 54 

Fig. 1, a and h. a, left car of normal rabbit, h, left car of injected rabbit 
showing erythema of scrum sickness; scarlatinal in basal third; mottled to morbil- 
liform in two middle quarters. 






DURATION OF DEMONSTRABLE ANTIBODIES IN THE 
SERUM OF RABBITS IMMUNIZED WITH HEAT-KILLED 
TYPE I PNEUMOCOCCI 

By ERNEST G. STILLMAN, ISI.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, June 3, 1931) 

In a previous paper^ have been reported the results obtained, as 
regards the development of agglutinating and protective antibodies 
in the blood, when rabbits are immunized by intravenous, intra- 
peritoneal, intramuscular or subcutaneous injections of heat-killed 
Type I pneumococci. The duration of time that these antibodies per- 
sist in the blood was not discussed, however. In the present study 
rabbits immunized by these various methods have been studied over 
long periods of time, until the antibodies have disappeared from the 
blood or until the animals have died from extraneous causes. 

The methods employed were identical with those used in the pre- 
vious study. The animals were bled 10 days after the last injection 
and thereafter every 30 days. The immunity response and the per- 
sistence of immune bodies in the blood in the rabbits of the several 
groups are shown in Text-figs. 1 to 4. 

Rabbits Injected Intravenously 

In Text-fig. 1 is shown the course of development and disappearance 
of antibodies in the serum of nineteen rabbits which received, during 
the course of treatment, from 1 to 15 cc. of the suspension of heat-killed 
organisms. Nine of the rabbits died from various causes before the 
completion of the obser%'ations. 

It is evident that agglutinins were demonstrable during only rela- 
tively short periods following the immunization. In Rabbit A-14, 
which received 12 cc. of the bacterial suspension, the agglutination 
titre of the scrum after 10 days was 1:500 but after 30 days the titre 
had decreased to 1:10, and on the 70th day no agglutinating [xr.vcr 

* Stillman, E. G.. J, Kzp. MeJ,, 1950, 51, 721. 
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whatever could be detected. In no instance could type-specific agglu- 
tinins be demonstrated longer than 100 days. 

10 days after the course of immunization was ended the sera of aU 
of the animals of this group showed well marked protective pow'er. 
It is remarkable that the sera of the rabbits which received a total 
of 1 cc. of the bacterial suspension showed as high a titre of protective 
antibodies as did the sera of those which received as much as 15 cc. 
In the animals which received the larger amounts, however, the pro- 
tective subtances persisted longer than they did in the animals which 
received smaller amoimts. In Rabbit A-11 which received 9 cc. of the 
suspension, the serum showed high protective power 880 days after the 
completion of the immunization. 

Rabbits hniniinized Iniraperilomally 

The results in the rabbits immunized by intraperitoneal injections 
are shown in Text-fig. 2. All but three of these animals lived until 
demonstrable antibodies had disappeared from the blood. In only ten 
of the nineteen animals of this series were agglutinins demonstrable 
and they never reached as high a titre, nor did they persist so long, 
as in the animals injected intravenously. Protective antibodies were 
present, however, in the sera of all the animals, and, in the animals 
which received more than 6 cc. of the suspension, the protective action 
of the serum was demonstrable for long periods. Sera obtained from 
two of the rabbits 550 days after the course of immunization was com- 
pleted still protected mice against 0.0001 cc. of culture, and in the 
case of one rabbit, scrum obtained 730 days after immunization still 
exhibited protective action. 

Rabbits Immunized Intramuscularly 

Text-fig. 3 shows tlie number of days during which agglutinins and 
protective antibodies were detectable in tlie sera of fourteen rabbits 
immunized by intramuscular injections. All these animals sur\dvcd 
until antibodies could no longer be demonstrated in their blood. The 
agglutinin litre of the sera from the rabbits of this series was never 
high and the presence of agglutinins could be demonstrate^! for only 
short periods. In fact, in the serum of only one of the rabbits could 
agglutinins be demonstrated as long a^ 40 days. The result^ as rc- 
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gards the development of protective power were also irregular. Al- 
though, in a considerable number of the animals serum obtained 10 
days after immunization was highly protective, this property was 
quickly lost. In only two of the rabbits could protective substances 
be demonstrated 160 days after inoculation. 


Int ramus cul&r inoculation 
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and they persist for shorter periods in the animals immunized by the 
intraperitoneal route; they are still less regularly demonstrable and 
they persist for still shorter periods in the animals immunized by intra- 
muscular injections; while in the animals immunized subcutaneously 
agglutinins are never demonstrable by the methods we have employed. 

It appears that the injection by any route of a suspension of killed 
pneumococci will stimulate the production of protective antibodies 
and that when only 1 cc, of the suspension is injected the serum vdll be 
of as high a titre as when 15 cc. is injected. The length of time during 
which protective antibodies persist in the serum, however, varies 
with the route of injection and the amount of the inoculum. They 
persist longer in the animals receiving intravenous or intraperitoneal 
injections than they do in the animals injected intramuscularly or 
subcutaneously and in general they persist longer in the animals 
receiving larger amounts of the suspensions than in those injected with 
smaller amounts. 


CONCLUSIONS 

In rabbits immunized by the injection of suspensions of heat-killed 
pneumococci the results obtained as regards not only the development 
of agglutinating and mouse protective antibodies, but also the per- 
sistence of these bodies in the blood depend to a considerable extent 
upon the route of immunization and tlie size of the inocula. Aggluti- 
nins may appear in the sera of all the rabbits except those inoculated 
subcutaneously, but in most instances they disappear within a short 
time. 

Protective antibodies appear in the sera of all rabbits, no matter 
wliich route of injection be employed and they persist much longer 
than do the agglutinins. They persist longest when the injections arc 
made intravenously or intraperitoncally and are of briefest duration 
Nvhen the injections are made subcutaneously. 




LOCALIZATION OF PNEUMOCOCCI IN THE LUNGS OF PAR- 
TIALLY IMMUNIZED MICE FOLLOYTNG INHALA- 
TION OF PNEUMOCOCCI 


By ERNEST G. STILLMAN, and ARNOLD BRANCH, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, June 3, 1931) 

In preceding papers^ it has been shown that when mice are intoxi- 
cated with alcohol and then sprayed with a culture of virulent Typo 
I or Type II pneumococci many of the animals die with a general 
blood infection, but there rarely occurs any localization of the infec- 
tion in the lungs. On the other hand, when mice, which have pre- 
viously been exposed to inhalations of pneumococci of either iypOy 
are alcoholized and sprayed, pulmonarj'’ localization of the infection 
with manifest lesions in the lungs often occurs. There are at least 
two possible explanations of this phenomenon. It is possible that 
as a result of the first inhalation the tissues of the lungs become sensi- 
tized, or altered, so that on the second exposure the infection becomes 
localized in this organ. The second possibility is that by the first 
inhalation tlicrc is induced a state of general immunity, even of mild 
grade, and, as is well known, infections in immune animals arc likely 
to be localized at the site of injection. Previous experiments have 
shown that after repeated inhalations of Ihing virulent T\pc I pneu- 
mococci mice become increasingly resistant to infection with these 
organisms. 

Experiments were undertaken, therefore, to determine whether pul- 
monary lesions may occur following the inhalation of virulent pneu- 
mococci by alcoholized mice that have previously been sjiecifically 
immunized by routes other than the pulmonar}' one. In these mice a 
state of pulmonar}* sensitization cannot be a^^sumed to be prcse:i!. 
Mice were given intraperitoncal injections of (1) normal hor/e svrum 
(2) Type 1 or Type II aniipneumococcus scrum or (3) I or Tvp- 


* Stillrr.r.n, K. (I.. J. Ei/. 1024, AO, 35L 567. 




LOCALIZATION OF PNEUMOCOCCI IN THE LUNGS OF PAR- 
TIALLY IMMUNIZED MICE FOLLOWING INHALA- 
TION OF PNEUMOCOCCI 

By ERNEST G. STILLMAN, M.D., A^^) ARNOLD BR.\NCH, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, June 3, 1931) 

In preceding papers^ it has been shown that w^hen mice are intoxi- 
cated with alcohol and then sprayed with a culture of ^irulent T}'pc 
I or Type II pneumococci many of the animals die with a general 
blood infection, but there rarely occurs any localization of the infec- 
tion in the lungs. On the other hand, w’hen mice, Avhich have pre- 
viously been exposed to inhalations of pneumococci of either tj-pe, 
are alcoholized and sprayed, pulmonarj’' localization of the infection 
^Yith manifest lesions in the lungs often occurs. There are at least 
tw’o possible explanations of this phenomenon. It is possible that 
as a result of the first inhalation tlie tissues of the lungs become sensi- 
tized, or altered, so that on the second exposure the infection becomes 
localized in this organ. The second possibility is that by the first 
inhalation there is induced a state of general immunity, even of mild 
grade, and, as is well known, infections in immune animals arc likely 
to be localized at the site of injection. Previous experiments have 
shown that after repeated inhalations of living virulent T\pe I pneu- 
mococci mice become increasingly resistant to infection with these 
organisms. 

Experiments w^crc undertaken, therefore, to determine wliethcr }>ul- 
monai*}* lesions may occur followang the inhalation of virulent pneu- 
mococci by alcoholized mice that have previously been specihcally 
immunized by routes other than the pulmonary one. In there mice a 
stale of pulmonary sensitization cannot be assumed to be pre-ent. 
Mice w‘crc given intrapcritoncal injections of fl) normal Imrsv st rurn 
(2) I'\pe I or Type II antipneumococcus serum or (3 i Ty^K- I or I yj>e 
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In order to determine if pulmonary localization could be produced 
by the use of immune serum of a heterologous t 3 q)e, mice were simi- 
larly injected with Type II antipneumococcus serum, alcoholized and 
sprayed vnth. a culture of Type I pneumococci. Of the 224 mice so 
treated, seventeen, or 7 per cent, died of pneumococcus septicemia, 
but in no instance was there any evidence of pulmonar}’’ localization. 
It appears, therefore, that the injection of heterologous immune 
serum does not afford sufficient immunity to cause a localization of 
the pneumococcus infection in the lungs, 

Piihnonary Lesioyis in Actively Imminuzcd Mice 

Of 211 mice, previously injected intraperitoneally vith varying 
amounts of a suspension of heat-killed Type I pneumococci and sub- 
sequently exposed to a spray of a living culture of pneumococci of the 
homologous type, thirty-two, or 15 per cent, died of pneumococcus 
septicemia, and pulmonary’’ localization occurred in four, or 12 per 
cent of those dydng. 

Pulmonary Lesions in Mice Actively Immunized by the Injection of 
Suspensions of EcaLKillcd Pneumococci of a Heterologous Type 

In order to determine if localization would occur in mice actively 
immunized by the injection of a suspension of heat-killed pneumococci 
of a heterologous type, 215 mice were injected vdih a suspension of 
heat-killed Type II pneumococci, and 10 day^s later all tlie animals 
were alcoholized and sprayed vnth a culture of virulent Type I pneu- 
mococcus. 52, or 24 per cent of these mice, died of pneumococcus 
septicemia but in none was there any' cndcncc of an attempt to local- 
ize the infection. 


DISCUSSION 

Table I shows in a condensed form the results obtained in thc5c 
experiments. It is seen that considerable variation occurred in the 
frequency of death. At first sight it is difficult to see why' only' 12 
per cent of the animals recci\'ing normal horse scrum dicnl, wliilc of 
those that received immune scrum 24 per cent died, and on!;/ 7 j>L*r 
cent of those that received hetcn^Iogous scrum. It mu^t be remem- 
bered, however, ib.at in infectine animals bv the inlird.iti di rm tlr *- 1 ;t 
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is impossible to control the dosage accurately. There must be great 
variation in the number of organisms that lodge in different parts of 
the respiratory tract and also in the number of bacteria that actually 
invade the tissues. The mice in each experiment were divided into 
groups, each group of fifteen to twenty mice being treated exactly 
alike, but the mice of the different groups received different amounts 
of normal, or immune serum, or heat-killed bacteria. When all these 
circumstances are taken into consideration it is not surprising that 
there should have resulted considerable irregularity in the results, so 
far as protection is concerned, though it is not believed that these 
results invalidate the conclusions regarding the localization of the 
infection in the lungs. 


TABLE I 

The occurrence of pulmonarj'' lesions in mice alcoholized and spra 3 'ed with 
culture of T3T5e I pneumococci after receiving injections of normal serum or homo- 
logous or heterologous immune horse serum, or after active immunization b 3 ' in- 
jections of homologous or heterologous heat-killed pneumococcus cultures. 


Treated with 

No. of 
mice 



No. having 
pulmonai>' 
iesions 

Per cent 
of these 
dying 

Normal horse serum 

201 

25 

12 

0 

0 

Homologous immune horse scrum 

215 

48 

24 

12 

25 

Heterologous immune horse serum 

224 

17 

7 

0 

0 

Homologous vaccine 

211 

32 

15 

4 

1 12 

Heterologous vaccine 

215 

52 

24 

0 

0 


The fact that 25 per cent of the animals which died after receiving 
homologous immune serum and 12 per cent of those receiving homolo- 
gous vaccine exliibited localized pulmonary lesions, while none of those 
previously treated with normal horse serum, heterologous serum or 
killed bacteria showed pulmonary lesions can hardly be explained by 
chance alone. The experiments seem to show that slight grades of 
specific immunity are important in causing the organisms to localize 
in the lungs and to produce lesions there. 

CONCLUSIONS 

I. When mice are passively immunized by the intraperitoneal in- 
jection of antipncumococcus horse scrum or actively by the injection 
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of heat-killed pneumococcus cultures, and are then alcoholized and 
sprayed with a culture of pneumococci of the same type as that of the 
bacteria employed in immunization, a considerable number die with 
localized lesions in the lungs. 

2. If instead of injecting immune serum of the type corresponding 
to that of the bacteria employed in producing the infection, normal 
horse serum or immune serum of a heterologous tj^je be injected, or 
if the animals be previously immunized by the injection of killed 
pneumococci of a heterologous type, none of the animals which die 
show any evidence of localization of the infection in the lung. 

3. The occurrence of pulmonary lesions in alcoholized mice after 
spraying with a culture of pneumococci is the consequence of a general 
immunity of a very mild grade. 




THE ESTABLISHMENT OF AN ALBINO RAT COLONY FREE 
FROM MIDDLE EAR DISEASE 


By JOHN B. NELSON, Ph.D., and JOHN W. GOWTEN, Ph.D. 

{From the Deparlmenl of Animal Pathology of The Rockefeller Institute for Medical 

Research, Princeton, N. J.) 

(Received for publication, July 11, 1931) 

Earlier experimental studies on middle ear disease in the albino rat 
were hampered by the high natural incidence of the condition, par- 
ticularly among adult animals.' It was apparent that a population 
-f — r 1 ; — .nroc occonfiql for intpmre.tinp’ nreciselv 


CORRECTION 

In Vol. 54, No. 5, November 1, 1931, page 715, first Une of fourth column in 
Table II (under “Anticoli horse scrum”), for HtoBlisa, read HcoBbs,. 


of US (Gowen), which furnished the onginai aatn on me incjuaitt: oi JlllUUiC cat 
disease.' This colony comprises a number of lines which arc presented intact with 
no cross breeding. 

Young breeders under 6 months of age chosen from scleral difFcrcnl lines v. crc 
mated and placed in individual cages. Tlic pregnant females were subsequenth' 
removed anti isolated in a separate unit. The males meanwhile were hil!e<{ and 
autopsied. The sudding rats were left with their mothers until old enough to 
wean. At this time the female parents iicrc hilled ar.<i examined. 71:e young 
rats from a single p.air of parents free from middle cnrdifcr.fc and pneumonia cvn«t:. 

' Nelson, J. 11., and Gowrn. J. Vi\,y, DIs.^ 55. 

* Neb. m/j. lb, J. Irfc::, DU., VK^O, 46, 
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AN ALBINO RAT COLONY 


tuted the nucleus from which the selected colony was developed. The}* were born 
early in January, 1929. Brother and sister matings were subsequently made 
through seven generations. Several pairs of breeders from each generation were 
selected and segregated from the siuplus stock of special rats. The breeders were 
all killed after their 3 'oung were weaned and examined for middle ear disease and 
pneumonia. 

From time to time small groups of rats were removed from the 
selected colony and killed. At autopsy, particular attention was paid 
to the condition of the upper respiratory tract, the middle ear, and the 



Fig. 1. The incidence of middle ear disease in stock rats of different ages. The 
number of rats in each age group is placed above the plotted morbidity rate. 

lung. This series of autopsies now' contains 120 individuals varying in 
age from 2 to 16 months and about equally di\'ided as to sex. A few’ 
rats showed an increased mucus secretion in the nasophaiymx or the 
nasal canals, but in general tlie upper respiratory tract w'as normal. 
The middle car ca\'ities throughout tlie entire series were normal in tlie 
gross. The tympanic membranes consistently gave the characteristic 
click upon puncture witli the scissors point. 2 ^Iicroscopic examination 
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of saline washings from the tjmipanic cavity, which was made in some 
instances, gave no indication of a cellular reaction. In no case was 
there an involvement of the tympanic bone, inner ear, or internal 
meatus. No rats were observed with the inclined position of the 
head or the rotary motion characteristic of the so called twister. 

A sinular postmortem examination of rats from the stock colony has 
been carried out since 1928. This series likewise included rats of all 
ages up to 2 years. Over half of the animals were contemporary' 
mth those of the selected population. This series now contains 261 
rats, of which 152, or 57 per cent, showed an inflammatory involve- 
ment of one or both middle ear cavities. 


TABLE I 

The Incidence of Middle Ear Disease and Pneumonia in Adult and Young Rats from 
the Selected and Stoek Colonics 


. 

AduU rats 

YounK rats 

Ko. of 
rais 

' 

1 Middle car 
j dts-case 

Pneumonia 

Xo. of 
rats 

Middle car 
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Pneumonia 
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Selected colony 

Slock colony 

m 

o o 

0 

72 

26 

39 

52 
78 : 

m 

0 

15 

0 

30 

0 

0 

0 
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It was prc\'iously shown that the incidence of middle car disease in 
tlie albino rat increased significantly with age.' This is brought out 
in Fig. 1 which shows that the morbidity rate rises steadily to about 8 
months and tlien remains nearly stationary at a high level. 

Bearing in mind tlic effect of age on the incidence of middle car 
disease, the rats removed from the special colony for autopsy were 
generally selected from two age groups, young rats 3 to 4 months old 
and adult rats upwards of 1 year in age. The data on middle car 
disease and pneumonia within these age limits in the selectcii and stocJ; 
colonies arc summarizal in Table I. The series from the stock colonv 
was comixised of the last fifty animals in each age group exanfined at 
autojisy. 
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mucoid or purulent exudate, and only seven, or 23 per cent, of the 
affected rats from the selected colony were similarly affected. 

Although the rats of the selected colony showed no evidence of 
middle ear disease, it was possible that carriers of the associated bac- 
teria might be present. The obscure etiology of the condition made 
it impossible to employ direct methods for their detection. The in- 
stitution of a vitamin-deficient diet was resorted to with tlie possibility 
that its debilitating effect on the rat might predispose to the develop- 
ment of middle ear disease in the presence of the infecting bacteria. 

Twenty young rats from the selected colony, approximately 2 months of age, 
were placed on a diet deficient in vitamin D. The Stcenbock rachitic ration 
containing 76 parts of yellow com, 20 of wheat gluten, 3 of calcium carbonate, and 
1 of sodium chloride was employed. The rats were housed in wire cages, two to 
four individuals to a cage, and were isolated in a unit separate from the main sc- 


TABLE II 


The Incidence of Middle Ear Disease in Rachitic Rats from the Selected and Stock 
Colonics and in Stock Rats on a Balanced Diet 



No. of rats 

No. of 

rcrccnlaxTe 

incidence 

Rachitic selected rats 

20 

0 

0 

Rachitic slock rats 

45 

22 

48 

Normal stock rats 

50 

15 

1 30 


Icctcd colony. The rachitic diet was maintained throughout their lives. Six- 
teen died between 4 and 6 montlis of age, and tlic other four were killed after 6J 
months. All showed characteristic deformation of the hind legs and ribs. Posl- 
mortem examination was made in cvcr>' case. 

The experimental findings are summarized in Tabic II. For com- 
parison, the incidence of middle car disease in tv/o other groups of rats 
is also shown. One group is composed of young stock rats from a 
number of different lines which were maintained on a similar rachitic 
diet. It represents one age group of a much larger series; in particu- 
lar, rats which died between 3 and 4 \ months of age. The oih.er. t.aken 
from Table I, is composctl of rats of the same ace mainta.hu^l a 
balanced diet. It may be noie\l that the radii tic stock rat^ were ktpz 
in separate cages in the same room with the main colunv. After the 
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It is possible that the bacteria associated ■with middle ear disease 
may persist within the selected population, carried in the upper 
respiratory tract or elsewhere by a few rats. The subjection of se- 
lected rats to abnormal environmental conditions favoring the develop- 
ment and spread of infective bacteria failed, however, to bring out any 
cases of middle ear disease. Whether the present state of the colony 
with respect to the condition will be maintained in the future cannot 
be predicted. Unless the infecting agents are reintroduced in con- 
siderable numbers from the outside it may be supposed that the inci- 
dence of middle ear disease wall be held at least to a low level. 

The procedure followed in establishing the selected colony failed to 
eliminate pneumonia. The morbiditj’’ rate was lower than the normal 
rate for stock rats but was still high; approximately 50 per cent of the 
adults showed definite pneumonic areas in one or more lobes of the 
lung. The frequent development of pulmonarj’’ lesions witliout 
middle ear involvement strongly suggests that the primary inciting 
agents of the two infections are not identical. The group of selected 
rats maintained for a long period under conditions of overcrowding 
affords evidence against the unity of the infecting bacteria. 60 per 
cent of these rats showed pneumonia without a single case of middle 
ear disease. If tlie two conditions were caused by tlie same bacteria 
it would be nccessaiy to assume either the rapid development of an 
acquired immunity following involvement of the lung, or the existence 
of a natural organ resistance in the selected rats. Neither assumption 
is in keeping witli known facts. In a similar group of stock rats a 
nearly equal incidence of the two conditions would be e.xpectcd. As 
prc\nously noted, the strain of selected rats which remained in the 
stock colony was affected with middle car disease. 

Although the incidence of pneumonia was not markedly decrcascf] 
in the selected rats, there was cwdencc that the pulmonaty reaction 
was Ic.ss advanced than that in the stock rats. It is sugecste-d that the 
development of terminal lesions from the primary focus is acceleratc-<l 
or in part detemrined by the development of secondary’ invaders. In- 
fection of the middle car might well establish a locus for the sprc.ad eif 
such bacteria. The removal of this locus from the .<-electcd rat*- rr.av 
account for the retanlctl pneumonic re.aclion. In this conneciit'n it 
is of interest tlia.t />. ije.':ee.'..v.r vanetv m.’rjs. which w.a‘ recoverel at 
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times from the affected lungs of stock rats, was never isolated from the 
selected animals. 

Each generation of young breeding rats whicli was removed from 
the main selected colony and kept under isolation was free from pneu- 
monia. In the maintenance of rat colonies there is reason to believe 
that limiting the age of the breeding stock to approximately 6 months 
and removing old rats from the surplus stock would reduce the inci- 
dence of pneumonia to a low level. 

SUMMARY 

A special colony of albino rats was built up by selection and isola- 
tion from a population in which middle ear disease was highly preva- 
lent. No cases of aural infection occurred in the selected group, 
whereas its precursor showed a crude incidence of 57 per cent. The 
subjection of selected rats to a racliitic diet and to overcrowding did 
not predispose to the development of middle ear disease. 

The incidence of pneumonia was not similarly affected; tlius, 52 per 
cent of tlie adult selected rats showed pulmonar}'^ lesions, and 78 per 
cent of the adult stock rats. There was, however, a significant reduc- 
tion in the number of cases which showed advanced pulmonary lesions. 

Certain theoretical considerations of middle ear disease and of 
pneumonia are discussed. 



SPECIFIC CUTANEOUS REACTIONS AND CIRCULATING 
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(Received for publication, July 6, 1931) 

In a recent paper Tillett and Francis (1) reported the finding of defi- 
nite and characteristic cutaneous reactions to certain purified chemical 
fractions of the pneumococcus in patients recovering from lobar pneu- 
monia. In the cases studied, they showed that the type-specific poly- 
saccharide (the soluble specific substance, or ‘*S.S.S,”) injected intra- 
cutancously at the time of crisis or later produces a 'Svheal and 
erythema” type of response which is specific for the type of pneumococ- 
cus causing the disease and that fatal cases fail to give such responses. 
The acetic acid prccipitablc fraction of the pneumococcus, the so called 
nucl(k)protcin, when injected at about Uie time of crisis or later elicits 
a delayed tuberculin tjpc of reaction in all cases of pneumonia without 
respect to the typo of pneumococcus causing the disease. They 
showed that tliesc cutaneous reactions are associated with the presence 
of agglutinins and prccipitins in the scrum of the patient. 

These findings suggested that tlic U^pc-specific skin reactions to the 
pneumococcus polysaccharides might be useful in prognosis. Further- 
more, Tillett and Francis suggested that “persistence of infection even 
though specific antibodies arc present, may inhibit the skin re- 
sponse,” intimating that such reactions might be used as a simple test 
for complete recovers" from the specific infection. 

This paper is concerned with: (1) ILc cutaneous re5pon5es to 

* Tluf study was a:dc<! in nn.rt Ijv jrrants frem ihr WHlhm \V. 

I und of the H.m'nrii Sclicxd and fmm ihr Infumm O mmhrh n cf 
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repeated skin tests with the specific carbohydrates of Types I, II and 
III pneumococci and circulating specific antibodies at various inter- 
vals in 41 cases of lobar pneumonia that received no specific therapy. 
(2) Similar studies on a single occasion early or late in convalescence 
in 44 comparable cases and in 24 individuals without recent pneu- 
monia. 


Material and Methods 

Repeated tests were done in 41 patients admitted to the medical wards of the 
Boston City Hospital during the winter and spring of 1930. These patients all 
had typical lobar pneumonia, clinically and radiographically. A pneumococcus 
of either T>pe I, Type II or Type III was obtained in each case from the sputum or 
the blood culture, or both. No specific antipneumococcic agents were used in the 
treatment of these cases. There were 30 recovered and 11 fatal cases. 15 of the 
the former had T 3 ’^pe I, 7 had Type II and 8 had T 3 pe III infection; of the 11 fatal 
cases, 5 were caused b 3 ^ Type I, 4 b 3 ’‘ T^i^e II and 2 b 3 ^ T 3 pe III pneumococci. A 
positive blood culture was obtained in only 2 of the recovered cases (J. S., T 3 pe I, 
and J. K., T 3 *pe II (Fig. 1); whereas, 9 of the fatal cases had a pneumococcemia. 
The presence of complications will be mentioned later. The patients ranged in 
age from 13 to 58 years. Onb'- 5 of the patients were females. 

Skin tests were done on a single occasion 4 to 23 days after crisis in 35 cases of 
lobar pneumonia that received no specific antipneumococcic therap 3 % but were, in 
all respects, similar to the cases mentioned above. The sera of man 3 ^ of these 
cases were tested for antibodies during the acute disease and at the time of crisis, 
as well as at the time that the skin tests were performed. 9 other oises were 
studied on one occasion 5 to 14 months after recover 3 ’^ from pneumonia not specif- 
icall 3 " treated. 24 hospital patients with no recent histor 3 ’' of pneumonia were 
studied. These included cases of peptic ulcer, chronic artliritis and blood and 
cardiac diseases. The ages of the latter group ranged from 13 to 77 years. 

Skin Tcsls » — A 1 :200 solution of each of the T 3 ^es I, II and III purified specific 
carboh 3 ’drates was obtained from the Hospital of The Rockefeller Institute for 
Medical Research, through the courtes)" of Dr. W. S. Tillett. 1:10,000 dilutions 
were prepared cver 3 ' few da 3 's from the stock solutions by diluting witli physio- 
logioil saline freshb’ made with redistilled water and then heating for 10 minutes 
at lOO^C. to insure sterilit 3 % 0.1 cc. of each of these 3 solutions (containing 0.01 
mg. of the carbohv'drate) and of a control of the saline used in making the dilutions 
were injected intradermally on the flexor surface of the forearm. All 4 injections 
were repeated at various intcr\'als during the acute disease and during convales- 
cence. In a few instances where positive tests were obtained, higher dilutions up 
to 1 :.30,000,000 were used in order to determine the smallest amount with which a 
positive test could be obtained. 

Dc!cr7?:if:a:ions . — Serum was obtained from venous blood, drawn 
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shortly before, occasionally after, almost every test The titer of agglutinins and 
of mouse protective antibodies for Tvpes I, II and HI pneumococci was determined 
in most instances. Agglutination tests were done the method employed by 
Tillett and Francis (1) . Protective antibodies were determined by the usual mouse 
method. Precipitin tests were done with the specific carbohj’drates and with cul- 
ture filtrates, but the results were irregular and are not reported. 

Varieties of Cittancous Reactions to the Specific Polysaccharides . — The intra- 
cutaneous injection of the type-specific carboh^^drates usually produces no greater 
response than does the injection of an equal amount of physiological saline. The 
response occurring in reacting individuals recovering from lobar pneumonia has 
been described and illustrated by Tillett and Fran ds (1). Fairly %dde \"arialions 
in the appearance of the reaction were observed, in the course of this study, in 
different patients and at different times in the same patient. These variations 
were probably only differences in intensity, since mild reactions could be produced 
in patients who showed strong reactions to standard dosages by the injection of 
0.0001 mg. The milder reactions consisted of a faint pink wheal, 6 to 10 mm. in 
diameter, which shaded into an area of faint er}"thcma, 12 to 20 mm. in diameter. 
This type of reaction usually reached its maximum within 30 minutes and faded 
entirely before the end of 45 to 60 minutes. The intense reaction consisted of an 
almost white, edematous, sharply demarcated wheal irregular in outline giving the 
appearance of “pseudopods.” 1 or 2 drops of scrum occasionally oozed from the 
puncture wound of this tj'pe of case. This tj'pc of wheal was usually surrounded 
by an intense ciy'thcma, 4 to 6 cm. in diameter, the peripher}' of whidi faded into 
an area of faint mottling. Such striking reactions developed in 10 to 20 minutes 
and remained at their maximum intensity for 30 to 60 minutes, after which the 
wheal gradually blended wth the surrounded cr>’thcma to form a fairly soft, 
usually non-lender, uniform swelling lasting 6 to 48 hours. The skin over the 
central portion of the swelling usually remained reddened. In rare instances 
ccchymosis apeared in the edematous area. Occasionally, although no reactions 
occurred on the day of the injection, erythema was oh£er\*cd 24 to 72 hours later 
at the site of injection of the carbohydrate which corresponded to the t\q>c of the 
infecting pneumococcus. Another test, performed upon notidng such a delayed 
reaction, did ted a tj*pical immediate reaction with the same material. 

Reactions were called doubtful when they were greater than lliat produced by 
the saline control but showed a wheal less than 0.8 cm. and a surrounding cr>uhcm.i 
less than 1.5 cm. in diameter. 

Occurrence of Cutaneous Reactions to the Specific Polysaccharides 

The result? of all of the .<^kin tests in the 30 recovered cases are 
charted in Fig. 1. Posilivc culanc'ous reactions to the hf)n:oloeous 
type i>olysacdiarides (dcrival fn^m the same Xy]vc the pni*un:^c» 
causing the disease) were ohtainad in 1 7 of the 30 recovcrcil ca* e*~. In 
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pneumococci were obtained, the reactions to all the carbohydrates 
were negative. There were also 2 cases that had sterile pleural effu- 
sions during convalescence. One of these cases, a patient with Type I 
pneumonia, gave negative reactions to all tests, whereas the other, a 
Type III case, gave positive tests with both the Tj^ie III and the 
TypellS.S.S. 

Of the 11 fatal cases, only one showed a positive homologous test. 
In this patient characteristic positive tests were elicited 36 hours and 
12 hours before death. Cultures taken at these times showed, respec- 
tively, 500 and 700 colonies of Type II pneumococci per cubic centi- 
meter of blood. Heterologous positive tests were not obtained in any 
of the fatal cases. 

Occurrence of Prolcclhc Aniihodies and Aggluiinins 

Protection of mice against the homologous type organism was 
demonstrated against 100 lethal doses or more in the sera of all of the 
24 recovered cases in whom tests were done on more than one occasion. 
Homologous agglutinins were present after recover}’' in all but 2 of the 
27 cases tested in dilutions of serum up to 1:64. The 2 patients who 
had no agglutinins also had negative skin tests with the homologous 
polysaccharides (C. B., T}’pe I, and J. F., T} 7 )e III). Protective 
antibodies for heterologous typos of pneumococci were demonstrated in 
19 of the 25 recovered cases in which sucli tests were carried out. In 
3 additional cases, protection against 10 lethal doses or irregular pro- 
tection was found. Heterologous agglutinins were present in the sera 
of 17 of the 28 patients tested after crisis. The findings in the re- 
covered cases arc summarized by t}'pc5 in Table I. 

All 3 of the recovered cases ha\dng purulent complications and l>oth 
patients with sterile pleural effusions had protection for the homologous 
and heterologous type pneumococci after the presence of the complica- 
tion was established. Agglutinins were demonstrable in the sera of all 
of these patients for the homologous l\j)C organism and in one of the 
latter patients for an heterologous t\pc. 

.Among the fatal cases, homologous agglutinins were demon ^tnited 
only once. This was on the day of death in a *1 y]>e I jxatient v. ho had 
been ill 22 tlays and had a persistent low grade pneu:r,f>co:cemia anil 
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the day of crisis.^ In 2 of these cases, the reaction was obtained on the 
day before crisis, and, in the 3rd, it was elicited 2 days before the 
crisis. By the day of crisis, 11 of 25 patients tested showed positive 
reactions to the homologous S.S.S. Whereas 12 of 25 patients tested 
by the end of the first week after crisis had already shoum homologous 
positive tests, only 1 (J. McB., Type I) had a positive test with an 
heterologous S.S.S. within this period. This patient’s heterologous 
positive reaction was observed when he was first tested 3 days before 
crisis. In general, the positive tests with the homologous polysac- 
charides were first demonstrable at about the time of crisis and, in 
some cases, while the temperature was still elevated and the patients 
appeared acutely ill. On the other hand, heterologous positive tests 
were first elicited 8 or more days later, and often quite late in convales- 
cence. In particular, 3 patients first showed heterologous positive 
responses 2, 3 and 4 months after crisis at a time when the tests with 
the homologous carbohydrates were already negative in each instance. 

Duraiion of the Skin Reactivity to Specific Polysaccharides . — The last 
positive test with the homologous polysaccharide was elicited less than 
1 month after crisis in 15 of the 17 cases in which homologous reactions 
occurred (Fig. 1). Subsequent negative tests with the same types 
occurred in 9 of these 15 cases. Positive homologous tests were eli- 
cited in only’’ 2 of the 8 patients tested after 3 montlis of convalescence. 
Reactions to heterologous poly’saccharides, on the other hand, per- 
sisted in all but 1 of the 10 patients as long as obser\’ations continued; 
in 5 cases more than 3 months and in a 6th case 51 days after crisis. 

The duraiion of the skin reacthnty varied with the type of poly- 
saccharide injected. Type II reactiuly' was more lasting than that 
elicited by the Type I and III carbohydrates. It will be seen that 6 
of the 9 patients having positive reactions to the Type I polysaccharide 
gave negative responses subsequently and 2 of the remaining 3 were 
last tested only 22 days after crisis. Only 1 case (S.R., Type II) gave 
a jwsitivc reaction with Type I S.S.S. later than 2 months after 
recovery. Likewise, of the 6 cases reacting to Type III poly.'accharidc, 
only 3 were jwsitivc at the last test which, in 2 cases, w.as done less than 

* In cases recovering by “lysi';’' it was four;'! thit the first (!iv c.f the Ivrh 
I'friixl corrc'jv'ntird iiith rrrpcct to cirreis'.inc 3nti’*>l:r5 to tJ.r div cf '‘crii't,” 
•ir.'.! it is rend ,'.errd in thr tret r.r.J thr iccvmyar.yinr f.Tercs . 
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with respect to heterologous types. The skin reactions and the circu- 
lating antibodies were demonstrated simultaneously in 3 cases; protec- 
tive antibodies and agglutinins were found at the same time and before 
the gkin reaction in 6 cases; and, in 9 cases, protective antibodies 
appeared before either of the other reactions. In 1 case (J. McB., 
Type I), the appearance of the positive heterologous skin reaction pre- 
ceded the finding of circulating antibodies. The frequency with which 
antibodies were found and positive skin reactions occurred at various 
intervals is represented graphically in Fig. 2, 

When antibodies were present in any of tlie patients in this series they 
were demonstrated, in practically every instance, by the mouse protec- 
tion test. The corresponding agglutinins were usually demonstrable, 
but this was not true in every case and often did not correspond at 
different times in the same case. All cases ha\dng positive cutaneous 
reactions with the type-specific polysaccharides had protective anti- 
bodies for the corresponding type of pneumococcus at the same time, 
but agglutinins were less regularly found. Figs. 3 to 6 show the results 
of skin tests and antibody determinations in 4 t>q>ical recovered 
patients. 

From Fig. 2 it will be seen that agglutinins and protective antibodies, 
particularly the latter, appeared earlier than did the cutaneous reac- 
tion to the corresponding S.S.S., whether of the homologous or of the 
heterologous tj'pe. The persistence of heterologous antibodies over a 
period of over 3 months is again brought out rather strikingl}'.- The 
homologous agglutinins and protective antibodies persisted longer and 
in a larger percentage of cases llian did the positive skin reactions with 
the corresponding polysaccharide. 

Cutaneous Reactions and Circulating Specific Antibodies in Patients 
Tested on One Occasion 

The results of thetestsin patients tested onccinconvalcsccncc.and in 
those with no recent histon.- of pneumonia arc shown in Table II. It 
is seen that early in convalescence the cases wh.ich h.a<l prcN-iouslv 
received no skin tests frequently showe<l cutaneous reactions and anti- 

’ Tiu’ of tkc p.atirats (S. K. and G. C, fl'ic'. •* and 5)) v-cre r'.udif : 12 and I ' 
months rr'pcctlvclv .afirr reonverj-. Ce'..".ntnu' Tr.',c'.:''ns and tnud-'-dir •« f' r mrrr 
than, t tv^pc vcrc drm.f'ns'.ratrd in thr'-c 



046 





.J4 different pntiente wift 

- •T^peltests. 

■— ■ Type II tests. Positive. 

'P^Ve III tests r 

^ Doubtful 



















646 


A® ANTIBODIES I„ 



^ <'.'*eie„l p.,„3 „,, 

m • -tj-pe I tests. 

■ T}rpe II tegjg + Positive. 

Tj-pe III tests T ^^Sative. 

^ P>oubtfuI. 


















648 


REACTIONS AND ANTIBODIES IN PNEUMONIA. I 


bodies specific for the infecting type of pneumococcus. A few patients 
showed heterologous skin responses and antibodies, but these were no 
more frequent than in the group of cases with no recent pneumonia. 
In the few instances where heterologous circulating antibodies were 
found at the time of the skin test, these were also shown to have been 
present during the disease. In the cases tested 5 to 14 months after 


TABLE II 

Summary of iJte Cutaneous Reactions, Agglutinins and Protective Antibodies in 3 
Groups of Cases Not Previously Tested Intradcrinally 
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* 2 additional cases had 10 xt.L.D. and irregular survivals to 100 m.l.d. 

Protection tests done in 12 cases, 6 of which had positive skin tests. 
J All of the cases hawng positiv’e T 3 ’pe I tests also appear here. 


recovery, typical positive cutaneous responses were often not associated 
with corresponding agglutinins or protective antibodies. This is in 
sharp contrast to the regular association of positive skin tests with 
corresponding antibodies in patients receiving repeated injections of 
S.S.S. The frequency of positive reactions in patients without recent 
pneumonia is also in sharp contrast to the almost complete absence of 
positive responses during the acute stage of the disease. 
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There were 5 patients with complications in the group tested early 
a convalescence. 

One was a patient, who, 8 days after crisis, showed a positive cutaneous response 
o the Type I polysaccharide and circulating antibodies for the same type. On 
he same day, Type I pneumococci were cultured from pus obtained from the 
ileural cavity. The second patient was afebrile and apparently ha\dng a normal 
onvalescence on the 9th day after crisis, at which time a positive T 3 'pe I skin test 
/as obtained and circulating specific antibodies for this typo were present. 2 
[ays later this patient had a rise in temperature, a positive blood culture was ob- 
ained and he ied 2 days later. The organisms cultured from his blood, as well 
,s those cultured at autopsy from the heart’s blood, the involved lungs and pleural 
luid, were Gram-positive, green-producing diplococci which were bile insoluble, 
new in rough colonies and did not agglutinate with any of the specific sera avail- 
ible. This organism may have been a rough pneumococcus. 2 Tx'pe I patients 
lad sterile pleural effusions; one of these had a positive homologous skin test. 
!)nc other Type I patient in this group had an empyema; his skin tests were 
legative. 

DISCUSSION 

The observations of Tillett and Francis (1) that the protein-free, 
tjT)e-specific pol 3 ’'saccharide of the homologous pneumococcus elicits 
an immediate “wheal and er^^thema^' t>"pe of reaction when injected 
into the skin of patients recovering from pneumococcus lobar pneu- 
monia and that tliis reaction is associated witli the presence of circulat- 
ing specific antibodies has been confirmed. These authors found posi- 
tive skin reactions in 100 per cent of 21 recovered T}T)e I cases. In 
the present scries only one-half of the T^pc I and two-thirds of the 
T}"pe II and T^-pc III cases that recovered showed skin reactions to the 
purified polysaccharide of the pneumococcus causing the disease, but 
these Type I cases arc hardly comparable to those of Tillett and Fran- 
cis, since most of their cases were treated with antipncumococcic scrum. 

The majority of fatal cases in this series failed to react to the homo- 
logous polysaccharides. Mention was made above of a patient who 
gave a characteristic skin response to the T^^>c II S.S.S. at a lime 
when he had massive blood invasion with T\pc II pneumococci. Xo 
mouse protective antibodies or agglutinins v/erc found in this patieritV 
blood scrum. There is no adequate explanation for this peculiar occur- 
rence. but two possibilities may be mentioned. In the first jd/icc, the 
antibody may h.ave been in the skin, although it h:.d 
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such methods as those of Arlyle Noble (6) and of Sabin (7), the 
agglutination reaction is as simple to perform as the skin reaction and 
is less time consuming. 

SIBDJARY AND CONCLUSIONS 

1. A group of 41 non-serum treated patients \sdth Type I, II or III 
pneumococcus pneumonia were studied during their disease and conva- 
lescence with respect to their skin reactions to specific pneumococcus 
polysaccharides and, in most instances, for the presence of circulating 
agglutinins and protective antibodies for all these 3 types. 

2. One-half of the Type I and two-thirds of the Type II and T}"pe 
III recovered cases gave the t>T)ical immediate ^^wheal and eiy^thema’’ 
response to the homologous polysaccharide at or about the time of 
recovery. All cases tested showed protective antibodies and almost all 
showed agglutinins for the homologous pneumococcus. In the fatal 
cases, in general, positive cutaneous reactions and circulating anti- 
bodies were not obtained. 

3. In cases of pneumonia receiving repeated cutaneous inoculations 
with various types of specific polysaccharide, antibodies for pneumo- 
cocci differing from the infecting tj-pe but corresponding to the tj’pes 
of carbohydrate injected were present 1 week or later after such injec- 
tions. These heterologous antibodies were most frequently demon- 
strated for T^’pe II and were probably the result of immunization by 
means of the cutaneous injections. 

4. Positive skin responses to homologous polysaccharides and corre- 
sponding circulating antibodies were demonstrated with similar fre- 
quency in the first 3 weeks after crisis in patients who had not 
previously received intracutancous injections. In such patients het- 
erologous antibodies were rarely found. 

5. Tjqncal skin reactions with the specific pneumococcus poly- 
saccharides and mouse protective antibodies were demonslratc<l inde- 
pendently in a number of hospital patients who had had no recent 
history of pneumonia. 

6. Some patients with demonstrable foci of persistent infection or 
mlh kitent infections which later proved fatal showed positive cutane- 
ous resjxmscs to the homologous type |v:»ly saccharide aru; circulating 
specific antibodies for the a^.’^respor.d’ing l>pe. 
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of response observed in the cases receiving no specific therapy (1) were seen in this 
group except that reactions with edema of several hours duration w’ere less common. 
Skin tests w'hich showed no reaction for 30 minutes or more after injection, or 
skin tests, which, once positive, had already faded, sometimes gave a U-pical 
response within a fevr minutes following a subsequent dose of serum. In one 
instance (J. K., Type II), onl 3 " the last of 7 skin tests done at 1 to 2 hourh" intciwals 
during the 1st day of treatment showed a positive Tjpe II response. The next 
skin test performed 16 hours later w^as positive with Types I and II S.S.S., and w*as 
follow'ed, 2 minutes after the injection of the pol>"saccharide, by the appearance 
of blotchy ^Yheals and erythema formations at the site of all pre\ious injections of 
T>’pes I and II S.S.S. 

Rcsidis in Cases of Type I and Type II Pneumonia Treated udih Bivalent 
{Types I and II) Concentrated Antibody Solution {Felton) 

First Appearance of Positive Cutaneous Reactions , — Observations 
were made before treatment in 20 of the 28 patients receiving Felton 
serum. In none w^as a positive response elicited to any of the 3 poly- 
saccharides injected. The first skin test after the beginning of scrum 
therapy was positive with the carbohydrate homologous to that of the 
disease in 14 of the 23 recovered cases. This positive response was 
elicited in 10 of these 14 cases within 24 hours after the first dose of 
serum wms given. Of the 9 recovered cases w'hose first test after the 
institution of serum treatment tvas negative, 5 gave a positive homol- 
ogous response within 1 1 hours after the Ist dose, in the 6th the second 
lest done the next day was positive, and in the 3 remaining patients a 
positive homologous response was never elicited. 

The reaction to both the Type I and the Tj'pe II polysaccharides 
usualK' became positive at the same intcn^al after scrum administra- 
tion regardless of the iype of the infecting pneumococcus. The few 
exceptions may be seen by a study of Fig. 1 on which arc represented 
graphically the results of all the skin tests done in the recovered cases 
treated witli the concentrated antibodies. 

RcliUionship bct::rcn the First Appearance of the Positive Cutzneous 
Response and the Amount of Serum, Administered . — A positive resjx>nse 
to the homologous S.S.S. was elicited in 10 of 13 patients te>lc<i after 
receiving amounts of scrum up to -tO cc,» and in S other patients at the 
time of the first test after the injection of serum, when more than 40 cc. 
had already ]>ccn giwn. 2 cases that s!:owe^i dn-jbtful or r:c:v.livc 
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serum treatment. This diminution in the frequency of positive tests 
as convalescence progressed was more striking for the reactions elic- 
ited by the Type I S.S.S. than for those obtained with the T>q)e II 
carbohydrate, regardless of whether the infecting organism was Type 
lorIL 



Fig. 2. Frequency of cutaneous reactions, agglutinins and mouse protection at 
various intciA'als in 23 recovered cases of lobar pneumonia treated with bi\*alcnl 
(T\t>c I and II) concentrated pncumococdc antibodies (Felton). 


Skin Tests ifi Fatal Cases arid in Cases Reccnering uitk CotitpUca- 
Hons . — A positive lest was elicited in only I of 5 fatal cases receiving 
concentrated antibodies. 
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The results of all the tests m3 typical patients are shovim graphically'' 
in Figs. 3 to 5. 

Variations in the Skin Response Folloiomg the Adniinistratin of Vari- 
ous Lois of Scrunu — The data on this subject are necessarily meager in- 
asmuch as several lots of serum were used and only a small number of 
cases treated with each lot. That different lots may vary’' in their 
effect on the production of positive skin tests is suggested by experi- 
ences with 2 lots. 

Lot CPt, containing 3500 units of mouse protection against T>-pe I and 1500 
units against Typ^ II, was given to 4 Type I patients and 1 T>pe II patient all of 
whom recovered. Positive tests vsith Tvpes I and II S.S.S. were obtained with the 
first test follomng serum administration in 4 patients, only 1 of whom had received 
more than 35 cc. at that time. One T'^e I case had a positive reaction to T>'pc I 
S.S.S. after 35 cc., but a positive Tj'pe II test was never obtained. Lot CPn, con- 
taining 3000 units against Tj-pe I and 1500 against T\pe II, was given to 3 Type I 
patients. 2 patients received 45 and 75 cc., respectively, yet failed to give positive 
reactions to cither Type I or Tj-pc II S.S.S. The 3rd patient is not included in 
this series, as complete immunological studies were not made. He was treated 
with 180 cc. of the material on the 4th day of the disease, but failed to show any 
clinical improvement from the scrum and died v,dthin 24 hours. 

Cutaneous Reactions in Cases of Type II and Type III Lobar Pneinnonia 
Treated zeith Homologous Human Convalescent Scrum 

3 patients received convalescent sera obtained from patients about 
1 week after recovery' from the homologous type lobar pneumonia. 
All the donors gave positive cutaneous reactions to the corresponding 
ty'pe S.S.S., and had demonstrable agglutinins and mouse protective 
antibodies in their sera. 


One of the recipients (P.M., Fig. 6), a T\pc II case who had negative shin tests, 
no demonstrable circulating anti!)o:lics and a negative blood culture before scrum 
was given, showed a positive homologous shin test 1 hour after 130 cc. of serum was 
given. M this time he also had demonstrable protective antibodies and agclu* 
linins for T\pe II pncumococd in his scrum. 2 days later, no further scrum having 
been given, his blcxxl culture became po-itivc for the first tim.e. h.is shin tests v err 
negative and no circulating antibodies were dcmon. 5 trab!c. and tl.c patient die-.!. 
2 other patients, with T\pc 11! infection. rrcc;vc<i 75 and 5K> cc d s/raim. 
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2 with Type II and 1 with a miscellaneous pneumococcus infection. 
The second group was studied 5 to 14 months after recovery. This group 
consisted of 11 Type I recipients of Felton^s serum, including 2 patients 
who had empyema and 2 others who had sterile pleural effusions follow- 
ing their disease. The number of cases sho\^dng positive tests in these 
2 groups are shown in Table I. In this table is also included a group 
of the cases previously described that received repeated skin tests and 
were again tested from 10 to 22 days after serum. 

In the group of cases tested for the first time during the 2nd or 3rd 
week after serum administration the incidence of positive skin reactions, 
of agglutinins and of protective antibodies is not significant!}^ different 
from that found during the same period in the serum treated cases who 
had previously received several skin tests with the specific carbohy- 
drates. 


DISCUSSION 


The observ^ations here presented demonstrate the possibility of 
'^producing” and maintaining for some time a positive response in the 
human subject to the cutaneous injection of the purified, protein-free, 
t}’pc-spccific carbohydrate of the pneumococcus. This is accom- 
plished by the intravenous administration of the corresponding im- 
mune scrum derived cither from the horse or from the human patient 
after recovery from lobar pneumonia. Prc\nous obscr\'ations by Cole 
(7), and more recently by Sutliff (8), and by Lord and Persons (9), have 
indicated that demonstrable agglutinins and protective antibodies may 
be produced and maintained in the blood of patients with lobar pneu- 
monia by the administration of sufticicnl amounts of potent immune 
sera. These obscrwalions arc here confirmed and extended to include 
the specific cutaneous response to the pneumococcus jyolysaccliarides. 

'I'hc purified l\']>c-specific polysaccharide, although only a part of 
the pneumococcus antigen, reacts specificallywith antibodies produced 
by the whole antigen (10. 11), Tillctt and Francis (12) have further 
observed that the carbohydrate may intlucc a reaction in the shin of 
patients recovering from lo!>:ir pneumonia and that this reaction is 
sj'ieciiic for the of infecting pneumococcus and i^^ a^'-'^riated with 
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skin to react, for typical reactions to the Type II polysaccharides 
occurred in 3 cases terminating fatally (1 of these is reported in a pre- 
vious paper (1)) and such patients were, in some instances, shown to 
respond to small doses of histamine vd\h the characteristic wheal and 
erythema. 

Cases which failed to give characteristic positive reactions did not 
all terminate fatally. The failure to induce positive cutaneous 
responses by the injection of antisera in patients, in whom clinical bene- 
fit is othenvise obvious, may depend on the character of the serum, 
some sera being more or less deficient in the quality of inducing cutane- 
ous-responses, or on the responsiveness of the patient. Similar lack of 
reactivity in some normal individuals was obser\^ed by Coca and 
Grove (18) in connection with the passive transfer of atopic rcagins. 

The presence of foci of infection has not been constantly associated 
with the absence of skin responses. About one-half of the surviving 
patients with well established foci of pneumococcus infection persist- 
ing after recover}^ from pneumonia, both with and without scrum 
treatment, showed cutaneous responses after these foci were demon- 
strated. 

To attempt to define the curative dose of anlipncumococcic sera on 
the basis of immune reactions in the patient is hazardous. The general 
correlations, however, between the occurrence of positive skin reac- 
tions and recovery, and between the dosage of immune sera and the 
appearance of the positive skin reaction arc sufiiciently regular to be at 
least suggestive. In the majority of the patients in this series who 
recovered and showed positive reactions, such reactions first appeared 
and were maintained after doses of *10 cc. of Felton’s concent ratc<l 
antibodies. It is thus suggested that the cfTcctivc curative dose of 
most of the preparations used, perhaps only in the milder cases, is in 
the vicinity of this amount. 

The relationship of the skin test to agglutinins and protective anti- 
bodies has been discussed in a previous communication (!) ant! nothim: 
further netxi be adde<l here. 
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ARTIFICIAL ACIDOSIS IN TRYPANOSOT^IA LEWTSI INFEC- 
TIONS, AND ITS BEARING ON THE PATHOGENIC 
ACTION OF TRYPANOSOMA EQUIPERDUjNI 

Bv RICHARD W. LINTON, Pe.D., akd IL A. POINDEXTER/ ^I.D. 

{From the Department of Bacteriology ^ College of Physicians and Surgeons^ Columbia 

University^ Nav York) 

(Received for publication, July 10, 1931) 

Recent studies on biochemical changes in animals experimentally 
infected with trypanosomes have clearly demonstrated that disturb- 
ances in the acid-base equilibrium of the blood are of fundamental 
significance in the pathogenic action of these organisms. 

Kliglcr, Geiger, and ComarofI (1), working with T. cransi in rats, found that the 
lactic acid content of the blood increased progressively as tlic number of trj'pano- 
somes increased, until before death it stood at a figure three or four times normal. 
Linton (2), who used T. equiperdum in his experiments, determined the CO:-com- 
bining capacity of the scrum throughout the disease in rats. Beginning at a 
relatively early stage, the alkali rescr\'c was lowered, and a moderate to severe 
acidosis was present. There was no regularly greater depiction of the alkali 
rc5cr\'c in the later stages of the disease. On the contrary’, the variation between 
diflcrcnt animals was considerable. Andrews, Johnson, and Dormal (3), who also 
worked with T. equiperdum ^ found similarly that “the tr>*pano$omc-infcclcd rats 
suffered for some time before their demise with a non-volatilc acidosis. I'hc 
average figures for the CO.'-comblning capacities derived from their experimental 
animals led them to believe, however, that the acidosis was confined to the later 
stages of the disease. Their rcsultsalso indicated that the pll of the blood was 
abnormally low at dc.ith, 

Linton (4) h.as compared the biochemical ch.angcs in fata! ir\ 'jo.nof'C^mc ir.fcc* 
lions and in nondatal ones due to T.lnx'isi, He showed that th*c cumbinin;: 
cap.ncily rcmnine<l normal in animals i.nfccted vith T. While a given 
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as previous work (4) has shovui. This experiment serv^ed to indicate 
the time limits within which the ammonium chloride could be expected 
to affect the alkali reserv^e, and these limits were taken into account 
in the experiments. 

Table II gives complete protocols for two of the experimental 
animals (Rats 6 and 11), to illustrate the general plan according to 
which the experiments were carried out. As the protocols show, the 
tr}Tpanosomes were first counted, the rats were then given two or tliree 
injections of the ammonium chloride solution, and the concentration 

TABLE I 


Carbon Dioxidc-Cowbining Capacities of the Sera of Nornta! Rats after the Intra- 
pcritoncal Injection of 1 Cc. of a 2 Per Cent Solution of Ammonium Chloride in 
025 Cc, Amounts at 20 Minute Intcnals 


Rat No. 

Intcn'al after final injection 

COi capacity 


nin. 

re', frr ernt 

1 

10 

51.2 

2 

• 15 

1 49.3 

3 

20 

51.2 

4 

20 

41.5 

5 

40 

35.9 

0 

50 1 

52.1 


Afj. 


7 

n 

39.6 

S 

3J 

62.8 

9 

4 

61.1 


of Irj’panosomcs again determined. The counts were made on blood 
from the tail vein. It was found that the effect of ammonium chloride 
was cumulative to a certain degree, and accordingly as llic experiment 
progrcs?(xl the doses were given at less frequent intervals. 

Kal 1 1 given 1 .5 cc. of ammonium chloride in 5ix dunm: n iu 5 t 

under -t bour5. Tltc final irM'^ar.osomc count was made r.l the cn<! of 5 l:our 5 and 
sluvAcd lint the par.*i5itc5; had increased aOI per cent over t!;e preliminary ck unt. 
In K.it (», ulddi Itntl a total of 1.0 cc. cf ammcr.ium chl itid.e in f ur tn'ecti:::* 
during an hour and a quarter, the para^itcf h.rrr.vri W* cent in :1 - 2; I' 
rf the c xj'c.dm.rn!. 
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^STOlCttl, ACIDOSIS w 3.. „ , 
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the tot 

“"^rcirrr S5 

'“'■»*-£;rcr-»5'.x 

Bftee the 



11 


53,300 


Total NHjCI • / 

given: I.5 cc • 

:20 , .. 5 f hrs. 


1:20 
1:30 
1:50 
2:10 
2:15 
2:45 

2:45 

4:00 I 

gn-en; l.Q cc • ,• ' 

— l_________^time; 2’ hrs. 


' 1,000 

^21,500 
^59, 150 


■um chlon?e'totof/“^'‘'®slionw^ ~~ " 

rapid rise in the number o/J rat':cUon‘^eau''^'“” B^Braraon- 

pcnods on the ncr f^^^^sornes- ^2) fi, ^ ^arhed anW 
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crisis the acidosis is without effect in increasing the number of tr}*- 
panosomes. This point is illustrated by Rat 17, w^hich was given 1.5 


TABLE HI 

Percentage Change in Numbers of T, Icwisi Per Cubic Millmctcr^ in Animats u'ifh 
and without Injections of Ammonium Chloride 


Rat No. 

Variation in 
thousands 

From To 

Percentage 

increase 

Ante crisis 

Hours of 1 

observation 

Amount of NTLCI 
injected 







cc. 

1. Control 

14 

- 

21 

50 

4 

0 

2. Acidosis 

12 

- 

53 

340 

5i 


3, Acidosis 

11 

- 

53 

380 

55 


4. Acidosis 

14 

- 

43 

270 

4J 

■■ 

5. Control 

31 

— 

40 

29 

4 

0 

6. Control 

56 

- 

68 

21 

4 

0 

7. Acidosis 

25 

- 

112 

348 

7 


8. Acidosis 

40 

- 

114 

185 

4i 


9. Acidosis 

1 

71 

- 

175 I 

146 

2s 


10. Control 

117 

— 

129 ! 

10 1 

3! 

0 

11. Control 

155 

- 

161 

4 ; 

4} 

0 

12. Acidosis 

no 


136 

25 

2 

0.75 

13. Acidosis 

164 

- 

213 

30 1 

45 

0.75 

14. Acidosis 

123 

- 

187 

52 : 

55 

1.5 

15. Control 

174 


185 

6 1 

4? 

0 

16. Acidosis 

195 

- 

224 

n 

3J 

1.25 

17. Acidosis 

187 

- 

201 

7 

S2 

1.5 

18, Acidosis 

201 


215 

7 

45 

1.5 





rcfccntare 







liccrra'c 

IV t enris 



19. Control 

155 

- 

151 

2 

4 

0 

20. Control 

98 

- 

90 

8 

4 1 

0 

21. Control 

(A 

- 

50 

10 

41 j 

i 0 

22. Acidofis 

213 

- 

203 

i 5 

n ! 

t 0.75 

23, Acidosis 

101 


94 

I (> 

i 2 i 

0 75 

2«1. .\cido*is 

60 

- 

(A 

1 

i li ' 

0 75 

25. Ati'^'is 


- 

172 

: 9 

! U : 

0 75 

26. Aci'Ii'“i< 

1 5'-^ 

- 

52 

: 12 

6 

1 75 


cc. of amir.oniun'i chloridv m'd over a 

however, an increase o: on!v 7 [>tT emt ciurlnr 
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(4) that after tire tr^^panosomes have begun to disappear from the 
blood, the injection of ammonium chloride has no influence upon tlieir 
numbers, either to increase or decrease them. In each case a decrease 
was noted, and the percentage value found was of the same order as 
in tire controls. 

It is clear from this table that tire injection of ammonium chloride 
does not cliange the fundamental life cycle of T. Icivisi. At tlie crisis, 
it is apparently impossible to force a further number increase from tlie 
tr 3 ’'panosomes; nor does the peak number of tlie infection rise higher in 
the treated animals than in those whicli remained untreated. A possi- 
ble explanation for these facts will be discussed below. 

Mechanism of the Increase 

. Three possibilities present themselves to account for the observed 
increases in tr 3 ’'panosomes; 

1. The ammonium cliloride acts upon tlie inner organs, contracts 
their capillaries, and forces the trj^panosomes into the peripheral 
circulation. The increase under these conditions would be apparent 
only, and would not represent a real increase in tlie total number of 
organisms in the body. While ammonium chloride is not known to 
have sucli an effect upon tlie smooth musculature, it was thought 
worth while to test the possibility by actual experiment. The follow- 
ing experiments were tlierefore carried out. (a) Ammonium chloride 
was injected into normal rats. If the solution acts in the assumed 
way upon tlie capillaries (c.g. of tlie spleen), the peripheral eiy^tlirocyte 
count should be increaseed. Ammonium chloride, however, either 
had no effect upon the peripheral concentration of erytIiroc)>-tes, or 
actually caused a slight decrease. For example, tlie injection of a 
total of 1.5 cc. during ll hours was followed bj’- a decrease in tlie red 
blood cell count from 5,940,000 to 5,510,000 in 1§ hours and to 5,660,- 
000 in 2 hours. Pilocarpine given to a normal rat increased the 
red cell count from 6,740,000 to 6,910,000 in 40 minutes and to 7,380,- 
000 in Tl hours, (h) If numbers competent to cause the observed 
increase after ammonium chloride injections are being held in the inner 
capillaries, the injection of a substance known to contract these 
capillaries should bring about increases in numbers in the peripheral 
circulation. Accordingh*, pilocarpine was injected into an infected 
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rat. Altogether, 3.5 mg. were given, and the resulting increase in 
trypanosomes, from 88,000 to 98,000 (11 per cent) in 4f hours, was of 
the same order as that found in uninfluenced infections. 

It is evident from these experiments that the injection of ammonium 
chloride does not draw the trypanosomes from some inner reserv^oir 
into the peripheral circulation. 

2. The second possibility is that the increase results from increased 
reproduction of the trypanosomes. Taliaferro and Taliaferro (6) 
have demonstrated that the rate of reproduction of 7". Icn^isi ma}’^ be 
determined by finding the variation in length of the tr}^anosomes. 
When reproduction is proceding rapidly, this variation will be greater 
than when reproduction is infrequent. The size variabiliU" within a 
given sample is expressed by the coefficient of variation (C.F.). The 
details of the method may be found in their paper. If the coefficient 
of variation is significantly greater after ammonium chloride injections 
we would be justified in concluding that the rate of reproduction liad 
been increased. 

The results of this study, which was made on nine rats, arc given in 
Table IV. Five of the animals (2, 4, 5, 7, and 9) showed larger coeffici- 
ents of variation at the end of the experiment than at the beginning; 
two (3 and 8) showed an increase followed by a decrease; while the 
remaining two (1 and 6) had decreases in this figure. From the data 
on each animal, the standard deviation of the coefheient of variation 
was calculated, and also the standard deviation of the difTcrcncc be- 
tween each two successive determinations This difference is 

expressed in the last column. From inspection of these figures it is 
evident that in all oiscs save two the standard delation of the differ- 
ence is equal to or greater than tlic difference itself. In the two cases 
where the difference is greater than the standard deviation of llie 
difference, the difference itself represents a fall in the coefficients of 
variation. 1‘hesc tv;o cases arc Rat 3 (4.2 rfrl.SH and Rat 8 »'3.5 
din.92). 


It seems probable from these figures that the differences bet wci 
coefficients of variation are due to sainjfiing and teclinifiuc. an 
not the result of actual variations in the repnviuctive rate < 
tJyj^ar.n^j^nies. (hue may conclude further tliat t5:e inhn't: 
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TABLE TV' — Concluded 


Rat 

No. 

^^ariation. - 
Thou- 
sands per 
c.inm. 

Percent- 

age 

increase 

Total 

amount 

NHiCl 

Time 

Stand- 

ard 

devia- 

tion 

Mean 

length 

CocS- 
dent of 
vuiiatian 
(C.r.) 

Stand- 
ard de- 
viation 
of C.r. 

B 

Diflcrcncc 





m’rt. 


TrAzTons 





7 

83 




7.47 

29,9 

24.9 

1.77 




to 








2.7 

3.9ii:2.7 


92 


0.5 

40 

8.63 

29.9 

1 28.8 

2.05 

1 



to 






i 


2.78 

I 1.3i:2.78 


96 

4 

0.5 

30 

7.78 

28.2 

27.5 

1.9 




to 



; hrs. 





2.54 

2.5db2.54 


1 102 

i 6 


I 1 

6.96 

27.8 

25.0 

1.7 




to 








2.33 

2.0 i2.o3 

1 

109 

7 


1 

7.31 

31.7 

23.0 

1.6 



8 

187 1 


i 

i 

2.16 

29.5 ; 

7.3 

0.73 




to 



1 





l.OS 

0.9 ±\.0S 


192 

1.5 


6 

2.6 

31.2 

8.2 

0.8 




to 








0.92 

3.5 dbO.92 


201 

4.6 


3 

1.34 

28-0 

4.7 

0.46 

1 



9 

201 




2.05 

29.1 

7.0 

0.71 




to 








1.06 

1,1 d:1.06 


204 

1.5 

0.75 

li 

2. 28 

28.1 

8.1 

0.81 ' 




to 








1.16 

0.2 ==1,16 


215 

5 

0 75 

3 



S.3 

0.84 




3. As the Taliaferros have stated, the number of parasites in the 
blood at a given time equals those produced by reproduction less 
those destroyed by the host’s defense mcdianism. Since the possi- 
bility of increased reproduction has been eliminated, and since ammon- 
ium chloride itself docs not increase the peripheral concentration of 
tro-panosomes by contracting the capillaries of the inner organs, it is 
evident that the obscr\-ed increases must result from a lessening of the 
number of trypanosomes being destroyed. Althougli the evide.nce 
for this statement is indirect, it isdifiicult to sec from v.h.'it other. "Source 
the incre.ase could come than from the inhiidtinc elTert of the hvdro- 
cliloric acid utxm the destructive meeijanism, v.heti'.er thi^ be crlhd.ar 
or hinnnral. 




Th 
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artificial acidosis t 
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growth stage in the rat, is intimately bound up with an enz}Tnatic 
peculiarity of its metabolism which leads it to form organic acids from 
carbohydrates. The accumulation of these acids depresses the 
destructive mechanism in the host, as we have shown to happen in 
artificial acidosis in T. lermsi infections. * The suppression of defense 
is practically complete. In the case of infections of this typo, Talia- 
ferro and Taliaferro (6) have shown that there is no appreciable 
parasitiddal action. With the accumulation of acid, and the conse- 
quent absence of defense on the host’s part, a basis is laid for the events 
which follow'^ anorexia and death from asphyxia. It seems possible, 
Irom the work of Andrews and his collaborators, that these events 
include an agglutination of tlie trjT^anosomes. The agglutination 
which they describe as occurring “for reasons unknown at present,” 
should be investigated further for a possible relationship to ‘*acid 
agglutination.” In an}^ event, we believe tliat the suppression of 
destruction of the tr}’^panosomes begins at a much earlier stage in the 
infection and does not therefore exclude the possibility of a later 
spontaneous aggultination. 

From the biocliemical point of view, T. Icicisi may be supposed to 
have the enzymatic peculiarity of breaking carbohydrates completely. 
Its host consequently suffers no metabolic derangement, and the 
organism is therefore not pathogenic, in so far as pathogenicity means 
power to injure the host. In the study cited above (4), Linton showed 
that tlic factors whicli varied in infections with T, equiperdum, is. 
lipoid phosphorus, lecithin, CO-combining capacity, and liver glyco- 
gen, were undianged in T. lrd:isi infections; nor was the blood sugar 
concentration changed by this organism (7). 

Trypanosoma Ir^cisi infections cannot, of course, be considered 
purely from a biocliemical standpoint, since the host-parasite relations 
have biological peculiarities such as Uic production of trA^ianolylic 
antibodies, and the reproduction inhibiting substance of Taliaferro. 
In spile of this complication, however, it still scrv’cs as a useful bio- 
chemical contrast in the study of the patliogcnic trepanosomes. 

SUMMARY AND CONCLUSIONS 

When the alkali reserve is artificially lowcrt^tl in rats infeett.*^! vrith 
T rypa^ioscv\a the num!>tT nj parasites in the i*^ ir.cr^.ue’I. 
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The increase is large in the early stages of the disease, and becomes 
less marked as the number crisis is approached. Near the crisis, and 
after it, a lowered alkali reserve does not affect the number of 
trypanosomes. 

It has been shown that the observed increase does not result from a 
contraction of the capillaries of the inner organs, which would throw 
a large number of trypanosomes into the peripheral circulation; nor is 
the increase due to a greater reproductive activity on the part of the 
trypanosomes. The increase must, therefore, be due to an inhibition 
of the destructive forces of the host. 

It is suggested that the known production of organic acids by the 
pathogenic trypanosomes plays a similar r61e in inhibiting the destruc- 
tive mechanism of the host, and is therefore of significance in tlie 
pathogenic activity of these organisms. 
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IN VITRO TRANSFORMATION OF PNEUMOCOCCAL TYPES 


I, A Technique eor Inducing Transeormation oe Pneumococcal 

Types in Vitro 

By martin H. DAWSON, M.D., and RICHARD H. P. SIA,* M.D. 

{From the Department of Medicincj The Presbyterian Hospital^ and the College of 
Physicians and Stirgeons, Cohimhia University j Ncio York) 

(Received for publication, July 10, 1931) 

Griffith (1) was the first to show that S forms of pneumococci could 
be transformed from one specific S type into other specific S tj^es 
through the intermediate stage of the R form. In recent publications 
by one of the authors (2,3), Griffith’s observations on the transforma- 
tion of pneumococcal types were confirmed and extended. The 
results of these investigations may be summarized as follows: 

It was shown that R forms of pneumococci could be converted into S forms of 
the original t>'pc by the subcutaneous injection, in white mice, of small amounts of 
living R organisms, togetlicr with S vaccines of tlie homologous t>TC. (In this 
procedure, vaccines prepared from cultures of Type II S and T>pc III S organisms 
arc equally cfTcctivc wfiethcr heated for 15 minutes at 60°, for 15 minutes at 80° or 
for 15 minutes at 100°C. Vaccines prepared from Tj-pc I S organisms, however, 
arc cficctive in producing reversion when heated for 15 minutes at 60°C. and for 
15 minutes at 80°C., but not w*hcn heated for IS minutes at 100°C.) In vitro 
at tempts to clTcct the R S reversion by the use of \’accincs were uniformly 
unsuccessful. 

It was further showm that R forms of pneumococci, derived from S forms of 
any specific t\pc, could be transformed into S organisms of other specific t\pc 5 by 
the following procedure: — The subcutaneous injection, in while mice, of small 
amounts of Imng R forms together wdlh vaednes of heterologous S cultures. 
(The following points were established :-~(o) S vaccines, heated for 15 minutes at 
temperatures between 60° and S0°C., arc effective in causing R forms, derived 
from heterologous S Ixpcs, to revert to the type of the vaedne, (^) S vaednes 
healed for 15 minutes at temperatures between 80° and 101‘C. arc not efTcctivc 

• On leave of absence from the Peiping Union Medical College, Pdplnp, China. 
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in causing such transformations, (c) S vaccines heated for periods as long as 2 
hours at 60*^0. are effective in inducing transformation of type,) All attempts to 
induce transformation of type by in vitro methods were unsuccessful. 

The studies recorded in the present communication are concerned 
with successful experiments on transformation of pneumococcal t}^es 
by in vitro procedures. Previous unsuccessful attempts to effect 
similar transformation of type by in vitro procedures may be sum- 
marized as follows: 

R pneumococci were cultured in blood broth to which were added tlie bacteria 
from 100 cc. of heterologous S cultures, killed by heating for 15 minutes at 60°. 
Transfers were continued for fifteen subcultures in this medium without the 
appearance of S colonies. The addition of anti-R serum (4, 5) to culture media 
containing S vaccines likewise failed to induce transformation. In other experi- 
ments, R forms were grown, luider vaseline seal, in blood broth to which was 
added lymph tissue, muscle tissue and ground-up spleen, as well as large amounts 
of S vaccines. All sucli in vitro attempts to effect transformation of R forms into 
S forms of heterologous types yielded negative results. In a furtlier attempt to 
secure transformation of t 3 ^pe hy in vitro methods the following experiment was 
done. A series of mice was injected intraperitonealh’^ with large amounts of 
S vaccine. The animals were sacrificed at var 3 dng interv^als and the peritoneal 
contents washed out with sterile saline. The washings were added to plain 
broth and inoculated with R forms. In no instance was transformation of type 
effected by this procedure. 

In seeking an explanation of the failure to induce transformation 
of typo by the in vitro methods previously adopted, two possibilities 
presented themselves : — either the conditions employed were unsuitable 
or living tissues were necessarj’' for the transformation process. Before 
resorting to the latter explanation further in vitro studies were under- 
taken. 

Methods 

The suspensions of heat-killed organisms were prepared in the same manner as 
described in previous communications (2, 3). Similar control measures were 
adopted to establish beyond question the sterility of the vaccines: 

1. Cultures were made from all vaccines in blood broth and on blood agar plates. 
In many experiments this was done in vaiydng dilutions. In no instance was 
growth obtained. 

2. In all experiments mice were injected with large amounts of S vaccine alone. 
Without e.xception all such animals survived. 

Other controls will be detailed in the description of certain experiments. In 
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the course of the present and previous investigations pneumococcal vaccines 
have been employed-in several hundred carefuU}" controlled experiments. In no 
instance has it been possible to demonstrate the persistence of ^dabIe bacteria in 
the vaccines employed. 

The R cultures of pneumococci employed were obtained in the usual way by 
growing S organisms in homologous immune serum. The nature of the R cultures 
was frequently proven during the course of the experiments in the following 
manner: — Suitable amounts of the R cultures were injected subcutaneously in 
white mice. Under these conditions (1, 2) the R forms invariabl}" reverted to the 
S form of the type from which they had been originally derived. 

The term ''anti-R” serum, as employed in the present communication, requires 
some explanation. Aver>^ and Heidelberger (6) showed that t>TDe*specific, anti* 
pneumococcus sera contain not only Uqje-spedfic (anti*S) antibodies, but also 
antibodies reacting with the protein substance, which is common to all pneumo* 
cocci, Reimann (7) subsequently showed that sera prepared with R forms are 
immunologically similar to sera prepared with the protein of pneumococcus. In 
the experiments to be reported anti-S serum of heterologous t\pe was therefore 
used as a convenient source of anti-R antibodies. 

The following procedure was adopted in identifying the organisms 
obtained in transformation experiments. 

The cultures were streaked on blood agar plates which were allowed to incubate 
at 37®C. for 18 to 24 hours. At the end of this period the colonics were identified 
under a Zeiss colony microscope. Frequently it was found convenient to allow 
the plates to remain at room temperature for a further period of 24 hours. In no 
instance, however, was colony morphologj' alone used as the sole criterion of the 
nature of the organisms composing the colonics. In all transformation experi- 
ments the results were confirmed by agglutination tests carried out on cultures 
obtained from individual colonics. 


EXPKRniKNTAL 

As a prcliminar}" step viiro experiments were arranged in an 
attempt to effect reversion of R forms to S forms of the original type 
by the use of homologous S vaccines. 


A series of mice was injected intrapcritoncally with III S vaccine. The 
animals were killed after intcn*als of 2, 4 and 6 hours. The peritoneal contents 
were washed out with sterile saline and the recovered material was £ ceded with a 
3 R culture. The Icdmiquc adopted N-aried in two particuhrs from that nhich 
had prcviou5ly bec.n cmplo\xd: (1) vcr>' small seeding^, representing 1 drop of s 


10 


dilution of the the R culture, were used; (2i th.c cultures were allowed 


to 


incubate for several days at oTT. and b!>^i agar plates were strrakc i at 2-; hour 
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Experhnents to Determine the Effect of Seeding V arying Amounts of an 
R Culture in Media Containing Heterologous S V accine 

It has been pointed out that the technique eniplo 3 fed in the foregoing 
experiments varied in certain particulars from that which had been 
adopted in previous unsuccessful in vitro experiments. One of these 
variations consisted in the use of very small seedings of the R culture. 
It was therefore of interest to determine the effect of inoculating media 
containing S vaccine with various amounts of an R culture. IMedia 
containing samples of III S vaccine were seeded with 1 drop of varjnng 
dilutions of a 2 R culture. The details of the experiment appear in 
Table I. 


TABLE I 

The Effect of Inoculating Media Containing S Vaccines loith Varying Amounts of 
Living R Forms Derived front Heterologous S Types 


2 R culture, 1 drop in dilutions as detailed; 0.5 cc. blood broth; 0.1 cc. anti-R 
serum; III S vaccine, equivalent of 20 cc. of original culture. 


Dilutions of 2 R culture 

Colonics on plates streaked 

24 hours 

48 hours 

72 hours 

Whole culture 

R only 

R only 

R only 

10“' dilution 

tt tt 

tt H 

ft tt 

10-2 “ 

ti « 

Several III S 

Nearly all III S 

10-3 » 

tt tt 

Numerous “ 

tt tt it it 

10-' “ 

tt it 

t( C< (( 

tt ft it tt 

10-5 

tt tt 

tt tt tt 

it it if it 

10-6 

it tt 

it ft ti 

it ti it it 


Controls: III S vaccine, 1 loopful and 1 drop, cultured in blood broth and on 
food agar plates: — No growth in 72 hours. 

Two mice, injected intrapcritoneally with III S vaccine in amounts equivalent 
) 100 cc. of original culture: — Survived 10 days. 

The results presented in Table I show that transformation of type 
as obtained only when relatively small seedings of the R culture 
cre used. The experiment was repeated and similar results were 
itaincd. 

On this occasion numerous III S colonics were again recovered in all instances 
which the seeding of the R culture was less than 1 drop of a 10”* dilution. 
? Ill S colony was recovered after 24 hours from the 10”' seeding; likewise 
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one III S colony was recovered after 96 hours from the whole culture seeding. 
All the remaining colonies obtained from the whole culture seeding and the 10“^ 
dilution seeding were of the R variety. 

These experiments demonstrated the importance of employing 
small amounts of the R culture and afforded an explanation for the 
failure of many previous attempts to secure transformation of type by 
in vitro methods. 

Experiments to Determine the Amount of an S Vaccine Necessary to 
Effect Transformation of Type in Vitro 

Both for theoretical and practical reasons it was of importance to 
determine the amount of S vaccine necessary to effect transformation 
by the in vitro procedure. 

She sterile agglutination tubes were set up, in duplicate, containing varying 
dilutions of a III S vaccine, amounts representing the bacteria from 100, 50, 25, 10, 
5 and 1 cc. of the original culture. To each tube were added 0.5 cc. blood broth 
and 0.1 cc. anti-R serum. Six of the tubes were inoculated with 1 drop of a 10 
dilution of a 2 R culture. The remaining sLc were kept as controls. FOr further 
control purposes two mice were injected intraperitoncalb' with 0.5 cc. of the 
vaccine, representing 100 cc. of culture. The control mice were alive and well 
when sacrificed after a period of 10 days. All the tubes were incubated at 37^C. 
and blood agar plates were streaked at 24 hour intcn’als for 5 days. The results 
of the experiment appear in Tabic IL 

The data presented in Tabic II show that transformation of Ixpc 
can be effected in vitro by the use of small amounts of S vaccine, 
amounts representing the bacteria from as little as 1 cc, of the original 
cultures. This exi:)erimcnt was repeated many times and similar 
results were obtained. The smallest amount of vaccine proving 
effective in any c.xpcrimcnt was that representing the bacteria from 
0.1 cc. of the original cullurc. 

Ddenninatiou of Culture .\fedia Necessary to Effect Transformation of 

Type i n I "itro 

In ilic ex]>erimcnts carried out up to this point Wcxoci broth and 
aiUi-R serum were added to the broth sus]>en>:on 5 of ? vaccine- 
culture media for the growth of R form^. Experiments were next 
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arranged to determine whether the presence of these additional sub- 
stances was necessar}^ for the transformation process. 

The following variations in culture media were employed: plain broth alone, 
plain broth and normal rabbit serum, plain broth and anti-R serum; blood broth 
alone, blood broth and normal rabbit serum, blood broth and anti-R serum. The 
results of the experiment appear in Table III. 

TABLE II 

TheAinouut oj Heat-Killed Suspensions of S Forms Necessary to Induce Transforma- 
tion of Type hi Vitro 


2 R culture, 1 drop 10~® dilution; 0.5 cc. blood broth; 0.1 cc. anti-R serum; 
III S vaccine, amounts as detailed. 


III S vaccine 
(in cc. of original culture) 

Colonics on plates streaked 

24 hours ; 

48 hours 

100 

Nearly onc-half III S 

Nearly all 

ms 

50 

<( 

<< <( 

it (t 

tt 

tt 

25 

Numerous 

it it 

tt It 

it 

tt 

10 

20-30 

tf it 

About one-half 

tt 

it 

5 

6-10 

it tt 

it ft 

tt 

tt 

1 

A few 

ti ft 

Numerous 

tt 

tt 


Controls: 0.5 cc. blood broth; 0.1 cc. anti-R serum; III S vaccine 


100 

No growth 

No growth 

50 

It it 

II If 

25 

II If 

It tt 

10 

11 II 

tt tt 

5 

tt ft 

tt it 

1 

tt tt 

tt tt 


Two mice, injected intrapcritoncally with III S vaccine in amounts equivalent 
to 100 cc. of original culture: — Survived 14 days. 


Tlic results presented in Table III show that transformation of 
type was effected in all instances except those in which plain broth 
alone was used as the culture medium. Type III S colonics appeared 
more abundantly in those instances in which botli blood broth and 
serum were employed. Xormal rabbit scrum, however, appeared to 
be somewhat Ics,'; clTcctive than anti-R scrum. The experiment was 
repeated on two occa.'^ions and comparable results were obtained. In 
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subsequent experiments both blood broth and anti-R serum were 
therefore used as culture media in transfonnation experiments, 

TABLE m 

Culture Media Necessary to Induce Transfonnation of Type in Vitro 
2 R culture, 1 drop 10”® dilution; III S vaccine, equivalent of 10 cc. of original 
culture; culture media, as detailed. 


Culture media 

Colonies on plates streaked 

24 hours 

48 hours 

72 hours 

96 hours 

0.6 CC. plain broth | 

1 

2 

R only 

(f t< 

R only 

It It 

R only 

II 11 

R only 

I <1 It 

0.5 cc. plain broth j 

' 3 

t( it 

a it 

Several III 

Numerous 

and i 




S 

ms 

0.1 cc. anti-R scrum | 

^ 4 

if a 

it a 

R only 

R only 

0 . 5 cc. plain broth j 

' 5 

(f It 

One III S 

A few HI S 

11 it 

and ^ 






0.1 cc. normal rabbit scrum 1 

. 6 

« <( 

R only 

R only 

i< {< 

1 


it a 

Several III 

i Numerous 

Nearly all 

0.6 cc. blood broth j 

1 

1 


S 

ms 

ms 

j 

[s 


R only 

R only 

R only 

0.5 cc. blood broth 

' 9 

a it 

One III S 

Numerous 

Nearly all 

and 




III S 

ms 

0.1 cc. anti-R scrum 

10 

ti it 

Numerous 

Nearly all 

it a 




ms 

ms 


0,5 cc. blood broth 

’ll 

(( it 

A few m s 

Several III 

Numerous 

and 




s 

in s 

0.1 cc. nom^al rabbit scrum 

^12 

{( It 

R on!y 

R only 

K only 


Controls: III S vaccine, 1 loopful and 1 drop, cultured In blood broth and on 
blood agar plates: — Xo gro^vih in 72 hours. 

Two mice, injected intraperitoneally ulih III S vaccine in amounts equivalent 
to 100 cc. of original culture:— Sur\*ivcd 10 days. 


TP crtnal DiCrrr n i iiition 

It was previously pointed cut (5) in the v/co cxj^vriint nt* fin 
transformation of type that the temperature at which an S vaccim’ is 
heated materially alTects the rw-ults obtained. S vaccine- htatf : fr.r 











690 


TRANSFORMATION OP PNEUMOCOCCAL TYPES. I 


15 minutes at 80° C. proved effective in inducing transformation of 
type. However, S vaccines heated for a like period at 90°C. and 
100°C. were ineffective. It was a matter of considerable interest to 
determine whether similar results would be obtained in the in vitro 
procedure. 

The bacteria from 240 cc. of a III S culture were suspended in 1.2 cc. of plain 
broth and divided into two equal portions of 0.6 cc. each. One sample was 
heated for 15 minutes at 80°C. and the other for 15 minutes at 100°C. The two 
lots of vaccine were used in transformation experiments as detailed in Table IV. 

T.4BLE IV 

The Effect of the Temperature at Which an S Vaccine Is Heated upon Its Efficacy in 
Inducing Transformation of Type 


2 R culture, 1 drop 10"® dilution; 0.5 cc. blood broth; 0.1 cc. anti-R serum; 
III S vaccine, equivalent of 30 cc. of original culture, heated for 15 minuts at 
temperatures indicated. 


Temperature at which 
S vaccine was heated 


Colonies on plates streaked 


24 hours 

4S hours 

72 hours 


1 

Few III S 

Several III S 

All III S 

1 

No “ “ 

Few “ “ 

II II II 

100 1 

1 

it It 

No “ ‘‘ 

No “ “ 

II 

<< a tt 

it it II 

II II II 


Controls: III S vaccine, 1 loopful and 1 drop, cultured in blood broth and on 
blood agar plates: — No growth in 72 hours. 

Two mice injected intrapcritoneally with III S vaccine in amounts equivalent 
to 100 cc. of original culture: — Sur\dvcd 10 days. 

The data presented in Table IV show that an S vaccine heated for 
15 minutes at S0°C. was effective in inducing transformation of t 3 "pc. 
An S vaccine heated for 15 minutes at 100°C., however, failed to 
induce the change. 

In other e.xperimcnts the vaccine was heated for a period of 15 
minutes at temperatures of 60^^, 70°, 80°, 90° and 100°. The results 
obtained showed slight variations with different lots of vaccine. 
Generally speaking, however, S vaccines heated for 15 minutes at 
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temperatures up to and including SO^'C. proved effective in inducing 
transformation of type, while those heated for a similar period at 
90® and 100® were uniformly ineffective. 

The effect of heating an S vaccine for successive periods at various 
temperatures was next determined. 

Aliquot portions of a III S vaccine were heated for 15 minutes for three succes- 
sive occasions at temperatures of 60°, 70°, 80°, 90° and 100°C. The results of the 
experiment appear in Table V. 

The results detailed in Table V show that a III S vaccine, heated 
for 15 minutes on three successive occasions at 60®C., retained its 
effectiveness in inducing transformation of type. Likewise a III S 
vaccine heated for 15 minutes on two successive occasions at 70®C. 
and for one period of 15 minutes at SO® was similarly effective in 
bringing about the change. However when heated for three successive 
periods of 15 minutes at 70®, and for two periods of 15 minutes at 80®, 
the vaccine was apparently rendered ineffective. Vaccines heated 
for as short a period as 15 minutes at 90® and 100°C. uniformly failed 
to induce transformation. 

Duration of Beating 

The following experiment was done to determine the effect of 
heating on S vaccine for a prolonged period at 60®C. 

A suspension of III S organisms was heated at 60°C. At hourly internals for 
4 hours samples of the vaccine were ^\^thdrawn and used in transformation experi- 
mcnls. The results appear in Tabic \T. 

The data presented in Tabic VI indicate that a III S vaccine, 
healed for 4 hours at GO^C., still retained its effectiveness in inducing 
transformation of iypo, Tlic results suggest, however, that the 
samples of vaccine heated for periods of 3 hours and 4 hours at 
were somewhat less effective than those lots which were heated for 
periods of 1 hour and 2 hours at the same temperature. 

Triuisforniatior: of a 3 R Culture iiito Type J S Orear.itv:!^ 

In all in vitro experiments carried out up to this point a 2 K culture 
and HIS \accjne were cmplo%*efl. In previous sn xiio experiments 
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(3) it had been demonstrated that an R culture, derived from S forms 
of any type, could be transformed into S forms of any other tj^pe by 
the use of S vaccines of the appropriate type. It therefore seemed of 
interest to determine whether the 2 R culture that had been trans- 
formed into III S organisms by the in vitro procedure could be simi- 
larly transformed into I S organisms by the use of a Type I S vaccine. 


TABLE VI 

The E^ect of the Duration of Heating upon the Efficacy of an S Vaccine in Inducing 

Transformation of Type 

2 R culture, 1 drop 10“® dilution; 0.5 cc. blood broth; 0.1 cc. anti-R serum; 
III S vaccine, equivalent of 10 cc. of original culture, heated at 60° for periods 
indicated. 


Duration 
of heat' 
ing at 

eo^c. 

Colonies on plates streaked 

j 24 hours 

48 hours 

72 hours 

96 hours 

hrs. 








1 < 

fl 

R only 

Numerous III S 


Over half III S 

Nearly all III S 

12 

(( 

tt 

t< <( cc 


cc cc cc cc 

CC CC cc cc 

0 J 

^3 

tt 

(t 

cc cc cc 


cc cc cc cc 

cc cc cc cc 

' 1 



(( 

cc cc it 


cc Cl cc cc 

cc fC cc cc 

3 i 

fs: 

<c 

Cl 

Suggestive III S 

only 

Suggestive III S only 

Suggestive III S only 

1 

[6 


tt 

One III S 


A few Ills 

Several III S 

A i 

f7 

II 

II 

A few “ “ 


Several 

cc cc tt 


18 

(I 

<1 

Suggestive III S only 

Suggestive III S onl}" 

\ Suggestive III S only 


Controls: III S vaccine, 1 loopful and 1 drop cultured in blood broth and on 
blood agar plates: — No growth in 72 hours. 

Two mice injected intraperitoncally with III S vaccine in amounts equivalent 
to 100 cc. of original culture: — Survived 10 days. 

A Type I S vaccine was prepared in tlie usual way from a virulent Type I S 
culture. A sample of the I S vaccine was seeded with a 2 R culture under the 
conditions outlined in Tabic \TI. 

Considerable difficulty was encountered in identifying the colonies 
which appeared on plates streaked from the cultures after 48 hours 
incubation. Several apparently smooth colonies were picked from 
the plates and transferred to blood broth. Agglutination tests on the 
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resulting cultures gave a typical Type I agglutination in all instances. 
The virulence of these cultures was determined by mouse inoculation. 
They were found to be of maximal virulence and cultures from the 
hearts’ blood of the infected animals gave a typical Type I S aggluti- 
nation. It therefore appeared that a 2 R culture could be transformed 
%vith equal ease into III S organisms or into I S organisms, according 
to the type of S vaccine employed. 

Further experiments on transformation of pneumococcal tjqjes by 
in vitro procedures are described in the following paper. 

TABLE VH 

Transjonnaiion of R For?77S Derived from a II S Culture into S Forms of Type I 


2 R culture, 1 drop 10"® dilution; 0.5 cc. blood broth; 0.1 cc. anti-R serum; 
I S vaccine, equivalent of 40 cc. of original culture. 



Colonies on plates streaked 


24 hours 

1 48 hours 

72 hours 

96 hours 

t 

R only 


Several IS? 

Several IS? 

2 

If ft 

rntm 

ti II II 7 

i 

II II II 0 


Several suggestive I S colonics ^Yerc picked and cultured in blood broth. Result- 
ing growth gave T}'pe I agglutination in all instances. 

Controls: I S vaccine, 1 loopful and 1 drop, cultured in blood broth and on 
blood agar plates: — No growth in 72 hours. 

Two mice injected intraperitoncally with I S \'accinc in amounts equivalent 
to 100 cc. of original culture: — Survived 10 days. 

DISCUSSION 

The discussion of the results presented in the foregoing communica- 
tion will be confined to a consideration of the conditions under which 
transformation of pneumococcal t\ 7 >cs may be cficclcd by n: vitro 
procedures. 

In previous studies (2, 3) it had been shomi that S pneumococci 
could be transformed from one specific St}T>eintoothcr specific S t\ 7 >cs 
through the intermediate stage of the R form. In this transformation 
process ;;; vivo procedures were employed. In the present cnmmunica- 
lion it has been demonstrated that similar transformation^ of t%q>e 
may be ofTected entirely by iu vitro methods. The ir. liiro methofi 
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consists in growing small amounts of an R culture in suitable culture 
media to which has been added a vaccine of heterologous S type. 
Under these conditions the R forms may be transformed into S forms 
of the same type as the vaccine. 

In considering this phenomenon the first possibility which suggests 
itself is that the transformation may be apparent rather than real, 
and maybe due to the survival of S organisms in the vaccines employed. 
This possibility has received full consideration in previous communica- 
tions (2, 3) on transformation of type by in vivo procedures. In the 
course of the present and previous investigations pneumococcal 
vaccines have been employed in several hundred carefully controlled 
experiments. In no instance has it been possible to demonstrate tlie 
occurrence of viable organisms in the vaccines employed. The 
conclusion must therefore be drawn that, if the transformation is due 
to the persistence of living bacteria in the vaccines, the surviving cells 
do not conform to any recognized form of bacterial life. 

The suggestion that the transformation may only be tlie result of a 
temporary'' acquisition, by the R form, of the attributes of the S cell, 
has also received full consideration in previous communications. 
It was shown (3) that the newly formed S organisms not only possessed 
all the characteristics of tj'pe-specific S cells but that they continued, 
when subcultured, to reproduce S forms apparently indefinitely. 
The results of the e.xperiments therefore indicate that, under the con- 
ditions provided, the R cell acquires the capacity of elaborating a 
specific polysaccharide of the same t}'pe as that of the vaccine in which 
it has been grown. 

The conditions under which transformation of tj-pe may be effected 
merit some consideration. It was shown that relatively small inocula 
of R cells provide the most suitable conditions. Large inocula usually 
resulted in the growth of R forms only. The growth of large numbers 
of R pneumococci apparently created conditions unfavorable for trans- 
formation. No adequate explanation of this finding is offered. The 
suggestion is made, however, that the unsuitable conditions may have 
been produced by the elaboration of bacterial peroxide by the large 
amounts of R inocula. Further experiments arc required to establish 
this point. 
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1 the experiments reported very small quantities of vaccine, 
ntities representing the bacteria from as little as 0.1 cc. of the 
inal culture, were effective in inducing transformation of type. 
iller quantities of vaccine, representing the bacteria from less than 
cc. of the original culture, proved ineffective. Attempts to extract 
essential factor responsible for transformation are described in the 
Dwing paper. 

n effecting transformation of type by in vitro procedures the 
ure of the culture media employed appears to be a matter of 
siderable importance. In all successful experiments either serum 
ed blood cells were added to the culture media. I\Tien plain broth 
le was used transformation failed to occur. The suggestion is 
Tcd that the addition of the blood and serum may have afforded 
onvenient source of catalase and peroxidase. In the absence of 
se substances sufficiently reduced conditions may not have been 
sent. Further experiments relating to this point are described in 
following paper. 

n previous communications Dawson and Aveiy- (4) and Dawson (5) 
>wcd that the growth of R pneumococci in media containing anti-R 
um frequently resulted in the conversion of R forms into S forms 
the original tj^pe. For this reason anti-R scrum was employed in 
j majority of the transformation experiments reported in this study, 
iring the course of the investigation it was found that, although the 
^ of anti-R scrum appeared to facilitate transformation, the change 
lid frequently be effected in the absence of anti-R antibodies, 
rhe observ^ation that the property of an S vaccine responsible for 
Dsformation of t}'pc is thcmiolabilc is of considerable interest, 
ansformation was effected with S vaccines which liad been heated 
a period of 4 hours at 60^C. The change was also induced with 
ccines heated for a period of 15 minutes at 70^ and for 15 minutes at 
"^C. However, vaccines heated for a similar period at 9fF and at 
O'C. were not effective. Furthermore, transformation was induced 
th vaccines heated for 15 minutes on three successive occasions at 
' C., for the same period on two successive occasions at TfTC. and 
r one period of 15 minutes at SO'C. Vaccines heati d for a period of 
' minutes on three successive occasions at 70' C. and for a similar 
riod on two successive occasions at f O'C. were not effective. Rifer- 
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IN VITRO TRANSFORMATION OF PNEUMOCOCCAL TYPES 

II. The Natum: of the Factor Responsible for the 
Transformation of Pneumococcal Types 

By RICHARD H. P. SIA » M.D., akd :MARTIN H. DAWSON, M.D. 

{From the Department of Medicine^ The Presbyterian Hospital, and the College of 
Physicians and Surgeons, Columbia University, Nrw York) 

(Received for publication, July 10, 1931) 

In the accompanying communication (1) a method of inducing trans- 
formation of pneumococcal t}T;)es entirely by in vitro procedures is 
reported. In the present study the conditions under which trans- 
formation of pneumococcal types can be effected hy in vitro procedures 
have been further analyzed and the factor responsible for transforma- 
tion has been investigated. 

The Nature of R Ctd/nrcs Most Stniable for Transformation of Type 

by in Vitro Methods 

As originally pointed out b}’' Griffith (2), and subsequently con- 
firmed by one of the authors (3), there are varjdng degrees of constancy 
or stability of the R variant of pneumococcus. In previous vrork on 
transformation of t\q)e by vivo procedures it was found that the 
nature of the R culture employed materially affected the results (4,5). 

Thus, in the hi vivo procedure, it v,*as shown that an R culture wliich possessed 
only a slight degree of R stability showed a tendency to revert to the S form of the 
original tN-pe. However, R cultures whidi were more definitely stabilircd in the R 
form showed less tendency* to revert to the S form of the original tjpc and v.crc 
more readily transformed into S forms of heterologous types. R cultures which 
were still more defmilcly stabilised in the R form were more * Vcsiftanl’* and could 
be converted into S forms of cither homologous or heterologous p.pcs only with 
ccr.'idcrablc dinicully. 


• On leave of absence fmm tlie IViphng Uni' n Medical College, IV;; ir.r. Ci ir.a. 
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In the in vitro experiments R cultures of varjung degrees of stabilitj'' ^Yere 
empIo 3 ’'ed. The degree of R stability was determined bj'^ one of the following 
methods: (1) the number of transfers necessary to effect reversion in 10 per cent 
anti-R serum broth (3, 6); (2) the amount of living R culture necessarj'- to induce 
reversion when injected subcutaneous^ in white mice; (3) the ease udth which 
transformation of type could be effected by in vivo procedures. 

The results obtained in ht vitro experiments in which various R cultmres were 
emplo}^cd may be presented in brief as follows: (1) transformation of t 3 'pe was 
most readil 3 '' effected with those R cultures which possessed onl 3 ’' slight degrees of R 
stability; (2) transformation of t 3 T)e was not effected with certain cultures which 
were more definitel 3 ’’ stabilized in the R form; (3) under the conditions emplo 3 'ed, 
the R cultures, in the presence of heterologous S vaccines, showed little tendency 
to revert to S forms of the original t 3 'pe. 

The significance of these observations \vill be referred to in a sub- 
sequent communication. 


TABLE I 

The Effect of Groiviug S Organisms in Media Containing R Vaccine 

S culture, 1 drop dilution; 0.5 cc. blood broth; 0.1 cc. normal rabbit serum; 
1 R vaccine, equivalent of 100 cc. of original culture. 


Type of culture 
used for inoculation 

Colonics on plates streaked 

24 hours 

48 hours 

72 hours 

96 hours 

I s 

I S only 

I S only 

I S only 

I S only 

(C C( 

tl (C (t 

c< n u 

cc cc « 

cc cc cc 

11“ 

II » “ 

II “ “ 

II cc cc 

11“ “ 

(i it 

|( ii if 

Cl cc cc 

cc cc cc 

cc cc (C 

III “ 1 

lll“ “ 

nice cc 

nice cc 

nice cc 

(( <( 

(( C( t< 

cc cc cc 

cc cc cc 

cc cc cc 


Attempts to Convert S Forms into R Forms by Growth in Media 
Containing R Vaccines 

As detailed in the preceding experiments, the growth of R forms of 
pneumococci, under suitable conditions, in media containing S vac- 
cines of heterologous type, frequentl}' resulted in the transformation 
of the R forms into S forms of tlie tj’pc of the vaccine. The effect of 
growing S organisms in media containing R vaccines was next 
determined. 
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Type I S, Type II S and Type III S organisms were grown in media to which 
were added relatively large amoimts of a 1 R vaccine. \^ery small seedings of 
the S cultures were employed and plates were streaked from the cultures eveiy^ 24 
hours for 4 days. Normal rabbit serum was used in the culture media instead of 
anti-R serum. The results of the experiment appear in Table I. 

From the data presented in Table I it appears that S organisms are 
capable of living and multiplying in the presence of large amounts of 
R vaccine. Under the conditions employed the S forms showed no 
tendency to revert to the R form. No attempt was made to determine 
the effect of serial transplants of S organisms in media containing R 
vaccines. 

Ailcmpls to Effect Transjormaiion of Type hy the Use of (1) the Super- 
natant Fluid from an S Vaccine, (2) the Filtrate of an S Vaccine, 

(3) Purified Specific Soluble Substance 

In previous experiments it was found tliat the smallest amount of 
an S vaccine effective in inducing transformation of type was tliat 
representing the bacteria from 0.1 cc. of the original S culture. It 
therefore appeared improbable that either the supernatant material 
or the filtrate of an S vaccine would prove effective in inducing the 
change. However, in order to analyze further the conditions re- 
sponsible for transformation, experiments were done using the super- 
natant and the filtrate obtained from an S vaccine. 


A III S vaccine was prepared in the usual Vi’ay and dirided into two equal lots. 
One lot was centrifuged at high speed for 1 hour. .At the end of this lime the 
supernatant material was removed and used in transformation experiments. 
The other lot of \'accinc was filtered through a Bcrkcfcld candle and the filtrate 
similarly employed in transformation experiments. Relatively large amounts of 
the supernatant material and the filtrate were employed. Transformation of t>'pc 
was not obtained in any instance. 


The experiment was repeated many times with many variations in 
technique but the results were uniformly negative. 

In other cx])criments attempts were made to effect transformation 
of type by the use of purified specific soluble substance of T>pe III S 
pneumococcus' (7), All such experiments were unsuccessful. 


' Wc .me indebted to Dr. M. 
Surj:ronf, Columbia U^.ivc^^:ty, 


llcidclbtrgtr of the Cc:!rpc cf rhy<:d*..':f ar.d 
for plarir.;: n'.'‘.ttr;al at our fer the;.? 
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Further experiments in which the filtrate of an actively growing S 
culture was employed also yielded negative results. 

Attempts to Effect Transformation of Type by Extracts of S Organisms 

In all successful transformation experiments carried out up to this 
point a suspension of S cells, killed by heating, was employed. Ex- 
periments were next devised in an attempt to effect transformation 
by the use of cell-free extracts of S organisms. A convenient method 
of preparing such extracts appeared to be by the method of freezing 
and thawing. The following experiment was accordingly arranged. 

The bacteria obtained by centrifugation from 1200 cc. of a III S culture were 
taken up in 12 cc. of plain broth and divided into two equal lots of 6 cc. each, 
designated as Lots A and B. Lot A was heated for 30 minutes at 60°C. At the 
end of this period 1.5 cc. was withdra^vn for e,vperimental and control purposes. 
The remainder, 4.5 cc., was frozen and thawed twenty-three times in an attempt 
to break up the cells. It was found, however, that bacterial cells which had 
previously been subjected to heating for 30 minutes at 60° were ver}' resistant to 
disruption by this method. The resulting material still showed an abundance of 
well formed cells when stained by Gram. 0.5 cc. of the heated, frozen and thawed 
material was withdrawn for experimental purposes. The remaining 4.0 cc. of 
this material was centrifuged and the supernatant filtered through a Berkefeld 
candle. The resulting filtrate was used in transformation e.xperiments. Lot B, 
which had not been subjected to heating, was frozen and thawed twenty-three 
times. At the end of this time, smears showed only Gram-negative detritus and 
no intact cells. 1.5 cc. of this material was withdrawn and heated for 30 minutes 
at 60°C. This material was used for control and e.xperimental purposes. The 
remainder, 4.5 cc., of the frozen and thawed material was centrifuged and filtered 
through a Berkefeld candle. The resulting filtrate was employed in transforma- 
tion experiments. The remaining details and results of this e.xperiment appear in 
Table II. 

The data presented in Table II show that a III S vaccine, heated 
for 30 minutes at 60°C., was effective in inducing transformation of 
U-pe. The same vaccine, when subjected to the procedure of freezing 
and thawing tw'enty -three times, wms likewise effective in inducing 
transformation. It is again emphasized, however, that the freezing 
and thawing procedure failed to break up the previously heated cells. 
The filtrate from the heated, frozen and thawed material was not 
effective in inducing transformation. Likewise the material which 
was first frozen and thawed, and subsequently heated at 60®C., failed 
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to induce transformation of type. Finally, the filtrate of this material 
was also ineffective. These results may be set down in tabular form 


as follows: 

Snspeiision of S Cells 

1. Heated 30 min. at 60°C Effective 

2. Heated 30 min. at 60®C., frozen and thawed Effective 

3. Heated 30 min. at 60*^0., frozen and thawed, filtered Not effective 

4. Frozen and thawed, heated 30 min. at 60°C Not effective 

5. Frozen and thawed, heated 30 min. at 60°C., filtered Not effective 


TABLE n 

Attempts to Effect Transformation of Type by the Use of Cell-Free Extracts of S 

Organisms 

2 R culture, 1 drop 10”« dilution; 0.5 cc. blood broth; 0.1 cc. anti-R serum; 
III S vaccine and vaccine ‘'extracts” as indicated. 


Method of preparing vaccines 
and vaccine ‘'extracts" 

Colonies on plates streaked 

24 hours 

4S hours 

72 hours 

96 hours 

Heated 30 min. 60® | 

' 1 

^ 2 

Numerous 

ms 

IC tt 

Nearly all 

ms 

(( tf 

Nearly all 

ms 

tt It 

Nearly 

ms 

it 

all 

tt 

Heated 30 min. 60®, frozen ( 
and thawed 23 times \ 

' 3 
^ 4 

it it 

tt tt 

ft It 

tt tt 

It tt 

tt It 

It 

It 

tt 

41 

Healed 30 min. 60®, frozen | 
and thawed 23 times i 
centrifuged and filtered 

[ 5 

R only 

it t( 

R only 

it tf 

R only 

ft II 

R only 

If If 


Frozen and thawed 23 
times, then heated 30 - 
min. 60® 

1 ' 
8 

II if 

II <1 

i 

(t If 

If tt 

If II 

If II 

II If 

If tt 


Fmzcn and thawed 23 limes, 
then healed 30 min. 60®, - 
filtered 

) ^ 
10 

If it 

,1.. 

1 

If If 

If If 

II 11 

If tt 

IC If 

If It 



In interpreting the results of this experiment attention is drawm 
to the following jx)ints. In the first place, transformation of t}pc 
was effected only with those fractions which contained formed cell 
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elements. In the second place, the process of freezing and thawing was 
carried out under aerobic conditions. It therefore appeared possible 
that the factor responsible for transformation might have been 
destroyed by oxidation during the manipulations. 

In the next experiment an attempt was made to prevent oxidation 
by carrying out all procedures under anaerobic conditions. 

The bacteria obtained by centrifuging a culture of III S organisms were divided 
into two lots, A and B. Lot A was heated for 20 minutes at 60'^C. A portion 
was then withdrawn for test and control purposes. The remainder was frozen 
and thawed twenty times imder a heavy layer of oil, A portion of this material 
was withdrawn for experimental purposes and the remainder was centrifuged at 
high speed for 30 minutes. At the end of this time the cell-free supernatant 
material was pipetted off and similarly used for experimental purposes. Lot B 
was frozen and thawed twenty times under a heavy layer of oil and then heated 
for 20 minutes at 60°C. A portion was withdraw for test purposes. The 
remainder was centrifuged at high speed for 30 minutes. The clear supernatant 
fluid was pipetted off and used in tests. 

The results of this experiment may be tabulated as follows : 


Suspension of S Cells 

1. Heated 30 min. at 60°C Effective 

2. Heated 30 min. at 60°C., frozen and thawed ana- 

erobically Effective 

3. Heated 30 min. at 60°C., frozen and thawed ana- 

erobically, centrifuged, supernatant material Not effective 

4. Frozen and thawed anaerobicall}^ heated 30 min. at 

60®C Not effective 

5. Frozen and thawed, anaerobically, heated 30 min. at 

dO'^C., centrifuged, supernatant material Not effective 


The additional points to be noted in this experiment are: (1) the 
supernatant material from heat-killed, frozen and thawed bacterial 
suspension of S cells was not effective; (2) a suspension of S cells, 
frozen and thawed anaerobically and subsequently heated for 30 
minutes at 60°C., was not effective. This experiment suggested that 
the failure to induce transformation was due to the existence of un- 
favorable conditions created during the disruption of living bacterial 
cells. 
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The Effect of (1) Bacterial Peroxide, (2) the pE in Cultures from Whkh 
Vaccines Are Prepared for Transformation Purposes 

In the experiments carried out up to this point the observation had 
been made that S vaccines prepared from different lots of culture 
varied greatly in their capacity to induce transformation. It was 
noted that vaccines made from old and autolyzing cultures were quite 
ineffective. Moreover the procedure of subjecting the culture to a 
preliminary heating for 10 minutes at 60° before centrifugation 

TABLE in 

The Effect of (!) Bacterial Peroxide, (2) pE in Cuiltires from Which Vaccines Are 
Made for Tramformalxon Purposes 


2 R culture, 1 drop 10“® dilution; 0.5 cc. blood broth; 0.1 cc. anti-R serum; 
III S vaccine, equivalent of 50 cc. of original culture, prepared as indicated. 


Ape of 
culture 

pH of 
culture 

Bacterial 

peroxide 

Colonies on plates streaked 

24 hours 

4S hours 

72 hours 

Arj. 






16 

7.7 


R only 

R only 

Numerous III S 




(t It 

Over half III S 

Nearly all “ “ 

24 

7.3 

— 

II II 

Numerous “ “ 

II II II II 

1 



It II 

R only 

Several 

40 

7 .3 ' 


It 11 

It 11 

Numerous ** “ 




ti II 

Numerous III S 

Nearly all “ 

48 

7.3 


11 II 

R only ! 

R only 




<1 II 

Cl II 

II II 

64 



It 11 

<1 Cl 

II II 


m 


II It 

It 11 

<1 11 


appeared to be of value in preserving the ncccssarv" factor (4). An 
attempt was made to verify these observations in tlie following way. 

A culture of III S pneumococcus in plain broth was incubated at 3 7 "C. Samples 
of the culture were ^vitlldra^^*n at the following intcrv’als, — 16, 24, 40, 4S and 65 
hours. After centrifugation the bacteria obtained from these samples v/crc 
heated for 20 minutes at 60\ T2ic supernatant material was tested fv^r the 
presence of bacterial peroxide and its pH determined. The dliTcrcnl lots of 
v.icdnc were then u.^^d in transformation experiments. The results arc prc'^'-nted 
in Table 111. 

brom the data prcH’ntcd in Table III jt is evident th.at vaccine?, 
prepared fiaun culture- of S orp.nbms arc not ctTcctivc in inducing 
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transformation of type if bacterial peroxide is present in demonstrable 
amounts in the cultures. Within the limits of the experiment the 
pH range did not materially affect the results. The experiment was 
repeated and entirely similar results were obtained. This finding 
offered a solution to many hitherto unexplained results and suggested 
that the principle responsible for transformation of type was possibly 
susceptible to oxidizing influences. In subsequent attempts to isolate 
the principle responsible for transformation of tjqje the significance 
of this observation was recognized. These experiments are being 
continued. 

DISCUSSION 

The study of the conditions under which transfonnation of pneu- 
mococcal types may be effected by in vitro procedures has led to a 
clearer understanding of the mechanism of the transformation process. 

It has been shown that the nature of the R culture selected for 
transformation purposes materially affected the results obtained. 
Thus, R cultures which possessed only slight degrees of R stability 
were found to be the most suitable for transformation purposes. An 
adequate explanation of this finding cannot be offered until further 
knowledge is available as to the factors which determine the degree of 
stabilit)’’ possessed by various R cultures. 

In considering the nature of the mechanism by which transforma- 
tion of t}q>e is effected two possibilities present themselves: either a 
latent attribute of the R cell may be stimulated b}-- its association with 
the S vaccine, or the R organisms may acquire a new property from 
the vaccine. The former conception involves the assumption that all 
R pneumococci possess at all times the latent capacity of elaborating 
any one of the known varieties of specific polysaccharides associated 
with S organisms. The latter h3’pothesis suggests the possibility 
that, at times, certain attributes of bacteria may be transferred from 
organisms of one tj’pe to those of another t}’pe of tlie same species. 
In the course of the present investigation no evidence has been ob- 
tained to support either hypothesis but attention is directed to certain 
characteristics of the property, possessed by S vaccines, which is 
responsible for transformation of type. 
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In the previous paper it was shown that the factor responsible for 
transformation was heat-labile, being destroyed at temperatures 
above SO'^C. It therefore cannot be related to the specific soluble 
substance of pneumococcus for this has been shquTi to resist tem- 
peratures of 100°C. (7). Attempts to effect transformation by the 
use of purified specific soluble substance were uniformly unsuccessful. 

The experiments described, in which attempts were made to induce 
transformation by cell-free extracts of S vaccines, throw further light 
on the nature of the property responsible for transformation of type. 
These experiments suggested that the essential factor was destroyed 
by the bacterial enzymes released during disruption of living bacterial 
cells. Additional evidence in support of this view was obtained in the 
experiments in which it was shown that vaccines prepared from old 
cultures in w^hich bacterial peroxide wns present in demonstrable 
amounts w^ere ineffective in transformation. 

In these two characteristics, thermolability and susceptibility to the 
action of enzymes liberated in old broth cultures, the property re- 
sponsible for transformation bears a striking resemblance to the 
‘^antigenic specific substance” described by Day (8). Day sho^ved that 
the antigenic specific substance of pneumococcus contains tw’o groups, 
(1) a stable portion (ordinal}'' specific substance), which reacts with 
immune scrum, (2) an unstable, antigenic, portion, W’hich provokes 
the formation of antibody. The first of these groups is resistant to 
heating at lOO^C. and to the action of bacterial enzymes. The second 
group is destroyed by heating at 100®C. and by bacterial enzymes. It 
therefore appears possible that the factor contained in an S vaccine 
responsible for transformation of type is closely related to, if not 
identical wdth, the “antigenic specific substance” of pneumococcus. 
The nature of this antigenic group is conjectural. In many respects it 
resembles the cnz}mcs of pneumococcus studied by Aver}' and Cullen 
(9). Further w'ork is required to dctcnninc its true nature and pre- 
cise properties. 

The significance of the results rcjx)rtcd in this and the preceding com- 
munication in the field of haclcriolog}' and epidemiology' is largclv a 
matter of speculation. Further investigation is required to determine 
whether similar transformations of t}'j>e occur under n.atural or disv.afe 
conditions l><^th in pncumocx>cci and other bacterial specie?. 
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PHENOMENON OF LOCAL SKIN REACTIVITY TO BAC- 
TERIAL FILTRATES: AN ANTIBODY AUXILIARY TO 
SERUM NEUTRALIZATION OF MENINGO- 
COCCUS REACTING FACTORS 

By GREGORY SHWARTZMAN, IM.D. 

{From the Laboratories of The Mount Sinai Hospitalj New York) 

(Received for publication, July 13, 1931) 

It has been sho\vn in previous communications (1-6) that the B. 
typhosus reacting factors of the phenomenon of local skin reactivity 
can be specifically neutralized in multiple proportions by immune sera 
in vitro and in vivo. If various amounts of a toxic filtrate are titrated 
against a constant amount of immune serum it is possible to determine 
the largest amount of filtrate which is consistently neutralized {ix. in 
all rabbits tested) by this amount of scrum, and thus to express quanti- 
tatively the neutralizing potency of the scrum (“CN’’ titer). If the 
titration is continued beyond the CN titer {i.c. in greater quantity of 
toxin) there is usually observed a rather protracted zone of irregular 
neutralization ('TN” titer) in which the percentage of positive rabbits 
is considerably lower than in the control group. There is evidently 
present in these serum-filtrate mixtures a sufijcicnt amount of non- 
ncutralized toxic substance to elicit reactions in rabbits of high suscep- 
tibility to the phenomenon. If still larger amounts of toxic filtrate 
are titrated one arrives at a point where the addition of serum produces 
no cfTect. It is clear that the CX titer, — which indicates how many 
units of toxic filtrate arc completely neutralized by a given amount of 
serum,— is fairly well demarcated. The results obtained by the 
determination of the IX liter {ix. of the largest number of units 
irrejmlarly neutralized by a given amount of scrum) arc less accurate 
because of the individual fluctuations in susceptibility of normal 
rabbits to the phenomenon. 

Y hen considera.ble data had been .accumulated conrernln:! the r.tu- 
traliration of B, typhosus toxic substance^: and tlie ph.erifm:' n-m d 

Tn 
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local skin reactivity had been also successfully produced vdth meningo- 
coccus culture filtrates (7), an attempt was made to study the neutraliz- 
ing potency of antimeningococcus horse sera in order to obtain a 
laboratory method for the evaluation of the curative effect of these 
sera. It became evident from these studies, however, that among the 
various batches of therapeutic sera tested, none was sufficiently power- 
ful to produce consistent neutralization similar to that obtained in the 
work on B. typhosus. It was then decided to compute the potenc}’’ by 
the determination of the IN titer. This was done by finding the high- 
est dilution of a serum capable of inhibiting reactions in at least three 
out of five rabbits injected with doses which elicited reactions in about 
75 per cent of control rabbits (8) . At the same time tlie immunization 
of horses was begun in an effort to develop a serum of higher neutraliz- 
ing potencjL The immunization consisted of subcutaneous injections 
of toxic filtrates and intravenous injections of heat-killed and live cul- 
tures. With considerable difficulties, sometimes shortly after the 
beginning of immunization, sometimes after many montlis, it was 
occasionally possible to obtain a serum which neutralized consistently 
a fairly large number of toxic units. In these determinations tliere was 
again adopted the above described titration of various amounts of 
toxic units against constant amounts of serum {i.c. 0.25 cc.) (9). 
However, further studies brought out the curious fact that in certain 
sera of a low CN titer the IN titer appeared quite high. Moreover, 
if multiples of 0.25 cc. were tested, the CN titer did not increase pro- 
portionately, a fact illustrated by the following example: 

0.25 cc. of antimeningococcus horse serum Hr Bbio showed complete neutraliza- 
tion of 15 toxic units and irregular neutralization of 40 units. 1 cc. of the same 
serum showed irregular neutralization of 25 units. 

This is in striking contrast to observations made with other immune 
sera (i.c. antityphoid and anticoli horse sera), which showed complete 
neutralization in multiple proportions. It seemed possible that the 
inability of antimeningococcus sera to neutralize completely the toxic 
factors in multiple proportions maybe due to the lack of some auxiliary’ 
factor, perhaps non-specific in nature. A search was made for this 
hypothetical auxiliary factor. This was done by’ studying the neutrali- 
zation of meningococcus reacting factors by means of mixtures of 
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antimeningococcus sera with heterologous immune sera which by them- 
selves were capable of complete neutralization in multiple proportions 
of their homologous toxic substances. The results of the work are 
embodied in this paper. 


EXPERIMEKTAL 

Tables I and II present a summary of experiments on neutralization 
of the reacting factors of various serological groups of meningococcus by 
means of polyvalent antimeningococcus horse sera and also by means 
of mixtures of these sera with various normal and heterologous immune 
sera. 

On the morning of the experiment the serum mixtures were made in proportions 
indicated in the tables. These were kept for from 1 to 2 hours at room tempera- 
ture. The technique of neutrah'zation experiments w^as the same as described 
before (9), except that each test was done on three instead of four rabbits. If no 
reactions were obtained in the three rabbits tested, the result w'as considered as 
showing consistent neutralization of reacting factors (CN). If one of three rabbits 
showed a reaction the result was recorded as “irregular neutralization” (IN). If 
two of three or all rabbits showed reactions there was recorded “no neutralization” 
("NN”). 

As is seen from Table I, antimeningococcus horse sera tested in various 
amounts against filtrates of two strains of Group I, of one non-grouped 
patient^s strain (“Fabio”), and of one Group III strain gave only 
irregular neutralizations. The larger the amount of serum used, the 
higher was the IN titer. [Mixtures of the various heterologous sera 
indicated in the table and also of two batches of normal horse sera with 
the same antimeningocococcus sera also showed only irregular neu- 
tralizations. 

As is seen in Table II, mixtures of antimeningococcus horse sera with 
anlicoli liorsc scrum displayed a remarkable neutralizing potency. 
First, these mixtures exhibited a substantial increase in the IX liter 
(sec Table I, Groups 2 and 1 1 and Table II, Groups 2 and 16); second, 
they showed complete neutralization of largo numbers of toxic units; 
and, third, they difTcred in their potency- for filtrates of various sero- 
logical groups (Table II, Groups 8, 9, 10, and 27). 

As illustrated by Groups 1 to 10 of Table II, it was p')5rii>!e to 
delcnninc the CN titers of the mixtures, lliuc. if a gi%'cn mixture 
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TABLE I 


Nciiiralizaiion of Mcuingococcus Reacting Factors by Means oj Micctures of Normal 
and Heterologous Sera with Antimeningococcus Sera 


Rabbit 

group 

No, 

Antimen- 
ingococcus 
horse serum 

Amount 
per kilo 
weight 

Heterologous and normal 
horse sera 

Amount 
per kilo 
weight 

Meningococcus strain 
used for toxic filtrate 

No, of 
toxic 
units 

Results 



cc. 


cc. 


■ 


1 

Hj B1,89 

0.33 

— 

— 

Group I (44 D) 


NN 

2 

a u 

0.4 

— 

— 

tc tt 

163 

IC 

3 

<( cc 

1 

— 

— 

tt tt 

100 

IN 

4 

<c « 

1 

— 

— 

tt tt 

125 


5 

(( u 

0.35 

— 

— 

Group I (123) 

40 

NN 

6 

If « 

0.35 

— 

— 

tt tt 

60 

tt 

7 

U i( 

1 

— 

— 

it tt 

50 

tc 

8 

it u 

1 


— 

tt tt 

75 

tt 

9 

(C U 

1 

— 

— 

"Fabio” 

100 

tt 

10 

U t( 

1 

— 


Group III (44 B) 

90 

IN 

11 

H7 B1i87 

0.25 

— 


tt it 

25 

({ 

12 

(( <( 

1 

— 

— 

tt tt 

40 

if 

13 

H? Bl~;o 

1 

— 

— 

Group I (44 D) 

50 

NN 

14 

Hr Bh88 

0.4 

Normal horse serum 
176/177 

0.6 

(( tc 

100 

tt 

15 

It (( 

0.2 

ft it 

0.8 

tt tt 

100 

tt 

16 

It (( 

0.9 

t( ft 

0.1 

if tt 

100 

tt 

17 

Ht BI-o 

0.4 

1 

Normal horse serum 
213 

0.6 

Group^III (44 B) 

1 

60 

tt 

IS 

tt tt 

0.9 

tt if 

0.8 

(( tt 

50 

IN 

19 

Hr B1 js9 

0.4 

Scarlet fever anti- ; 
toxin 

0.6 

Group I (44 D) 

100 

NN 

20 

ct It 

0.4 

Antit>"phoid horse 1 
scrum 16/194 

0,6 

ft ft 

100 

if 

21 

tt tt 

0.4 

Tetanus antitoxin 
N.Y.B.H. 1 

0.6 

tt it 

100 

ft 

22 

tt <{ 

0.4 

Type I pncumococ- ' 
cus antibody 
N.Y.B.H. 

0.6 

tt tt 

100 

it 

1 

23 

It tt 

0.5 

Antityphoid horse 
Serum 16/194 

0.5 

1 tt <( 

1 

100 

fC 

24 

II7 Blrro 

0.9 

Human convalescent: 
pneumonia serum 

0.1 

Group III (44 B) 

100 

ft 

25 

It tt 

0.9 

Antityphoid horse 
Scrum 16/194 

0.1 

ft ft 

100 

ft 

20 

It tt 

0.9 

Tv'pe II pneumo- 
coccus antibody 
N.Y.B.H. 

0.1 

ft ft 

100 

it 








TABLE H 


Neutralization of Meningococcus Reacting Factors by Means of Mixtures of An ticoli 
Horse Serum with Antimeningococcus Horse Sera 


Rab- 

bit 

group 

Ko. 

Antimen- 
ingococcus 
lorse scnim 

Amount 
per kilo 
weight 

Anlicoli 
lorse scrum 

Amount per kilo 
weight 

Meningococcus strain 
used for toxic filtrate 

N'o. of 
toxic 
units 

Results 




cc. 



cc. 





1 

H: BIi„ 

0.4 

Heo B1 is9 

0.6 

Group I (44 D) 

100 

CN 

2 

ti 

tt 

0.4 

ft 

tt 

0,6 

It 


130 

IN 

3 

ft 

tt 

0.4 

tt 

ft 

0.6 

tt 

ft 

160 

NN 

4 

Ht B1,5T 

0.9 

ft 

tt 

0,1 

Group I (123) 

100 

CN 

5 

tt 

tt 

0.9 

tt 

tt 

0.1 

ft 

ft 

130 

NN 

6 

Hi 

BIi59 

0.9 

tt 

tt 

0.1 

"Fabio” 


100 

CN 

7 


tt 

0.9 

tt 

tt 

0.1 

ft 


130 

NN 

8 

Ht BIko 

0.4 

ft 

tt 

0.6 

Group ni (44 B) 

60 

CN 

9 

It 

tt 

0.4 

it 

tt 

0.6 

ft 

ft 

100 

ft 

10 

tt 

tt 

0.4 

ft 

It 

0.6 

ff 

ft 

125 

IN 

11 

- 

- 

— 

ft 

tt 

0.1 

Group I (44 D) 

8 

CN 

12 

- 

— 

— 

ft 

tt 

0.1 

ff 
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of the mixture. Moreover, the independent neutralizing potency of 
the anticoli serum seems to become abolished altogether when mixed 
with an antimeningococcus serum poor in neutralizing antibodies. 

3. The addition of anticoli serum to an antimeningococcus serum of 
a high IN titer results in a high CN titer of the mixture. 

These conclusions can be further supported by experiments wdth 
Groups 28 to 44 of Table II. 

In these experiments there was tested the neutralizing potency of various 
amounts of antimeningococcus Serum H? BI 202 and of mixtures of this sermn with 
diluted and undiluted anticoli horse Serum Hco Bliss- As could be expected, 
various amounts of antimeningococcus scrum alone gave irregular neutralizations 
except when tested with small numbers of toxic units. The addition of 0.1 cc. of 
anticoli scrum previously diluted 1:3 had no effect on neutralizing potenc>% Mix- 
tures of amounts as small as 0.3 and 0.6 cc. of antimeningococcus serum with 0.1 cc. 
of undiluted anticoli serum did not result in any noticeable increase of the CN titer. 
In spite of the fact that the latter amount of anticoli serum could neutralize com- 
pletely about 15 toxic units and 0.3 and 0.6 cc. of antimeningococcus serum could 
neutralize completel}' 10 and 15 units, respectively, the mixture of 0.3 cc. of anti- 
mcningococcus scrum with 0.1 cc. of undiluted anticoli scrum neutralized com- 
pletely less than 8 units, and the mixture of 0.6 cc. of antimeningococcus scrum with 
the above amount of anticoli serum neutralized completely only 15 units, i.c, the 
same number of units which could be neutralized independently by either ingredient 
of the mixture. However, when 0.1 cc. of undiluted anticoli scrum was added to 
0.9 cc. of antimeningococcus scrum, the mixture gave complete neutralization of 35 
toxic units, although this amount of antimeningococcus serum gave independently 
only irregular neutralization of 20 units. 

From these obsen^ations it is seen again that the anticoli scrum docs 
not exhibit its independent neutralizing potency when mixed with 
antimeningococcus scrum containing neutralizing antibodies of low 
concentration (0.3 cc. of 11:111;^:) ; that it produces no cfTccl when added 
to a somewhat larger amount of antimeningococcus antibodies (?.r. 
0.6 cc. of H: 111::-:'); and that it converts (beyond Its own neutralizing 
potency) irregular neutralization into complete neutralization when 
added to a sufficient concentration of antimeninecKoccus antibodies 
caj^able of irregular neutralization. For these reason- it may be 
assumed that the anticoli serum contrn)utes j^orne auxiliary f.arlcir tn 
the sjHcific an*U>ody n* antigen comhination and enters v.dt}', 21 into an 
intricate re ! a. : i ( u'* h i p . 
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Further studies were made in order to define closer the nature of the 
auxiliary factor in the anticoli horse serum. 

The following horse sera were tested for complement and anticom- 
plementary properties, namely: anticoli Serum HeoBlissj normal 
Serum 176/177; antimeningococcus Sera H 7 BI 187 , H 7 BI 189 , and H 7 Bl 202 - 

Amounts of each serum tested for complement were 0.01, 0.05, 0.1, and 0.2 cc. 
These amounts were each mixed with 2 units of sheep red blood cell “amboceptor” 
(i.c. 0.1 cc. of 1 :50 dilution) and 0.5 cc. of 5 per cent suspension of sheep red blood 
cells. The mixtures were incubated in a water bath at 37° for 30 minutes No 
hemolysis occurred in any of the tubes. 

The same sera in above mentioned amounts were tested for anti- 
complementary property in two ways: 

T cst I . — The various amounts of sera were each mixed with 1 unit of guinea 
pig complement. After incubation in water bath at 37° for 30 minutes there was 
added to each of the mixtures 0.5 cc. of a 5 per cent suspension of sheep red blood 
cells and 2 units of sheep red blood cell “ambocepter.” The new mixtures were 
then incubated in water bath at 37° for 20 minutes. All the sera proved to be 
anticomplementarjTnO.l and0.2cc. amounts. Sera 176/177 and Hoo Bliss were 
slightly less anticomplementar^^ than the others. 

Tcsl II . — In this test the various amounts of sera were mi.xed each with 1 unit 
of guinea pig complement and 0.2 cc. of beef heart antigen used for Wasscrmann 
tests. The rest of the technique and the results were the same as in Test I. 

Heating of the sera at 56° for 30 minutes completeb’' removed the anticomple- 
mentarj' property. 

These experiments established the fact that the auxiliary factor is 
not in the nature of complement and has no apparent relation to the 
anticomplementarj’- property of sera. 

In Table III there are summarized tests for the auxiliary factor in 
various bleedings of several horses immunized with B. coli cultures and 
culture filtrates. These tests were carried out in the manner described 
on page 713. 

Tlic sera tested were added to a given antimeningococcus scrum in the propor- 
tion 1:10. Two antimeningococcus sera, H7 Bl;o: and H? Bl::o, were employed 
alternately. The amounts of Group III toxic filtrate used were 35 and 90 units 
respectively, completely neutralized by mixtures of these sera with anticoli horse 
scrum Hco Bliss-* (See Table II.) 

*Thc CN titer of 9 parts of H: Bbc- -f 1 p.irt Heo Blj^s was 35 units. The C.V 
titer of mixture of 9 parts of H: Bl:;o -f- 1 part llr.o B1 m exceeded 90 units. 
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The horses were immunized as follows: 

Horse 20 . — Immunization began 7126129. The first dose was a subcutaneous 
injection of 10 cc. of coli polyvalent toxin/' The latter consisted of a mixture 
of filtrates of 5 day old tr>T)tic digest broth cultures of fourteen strains. Two 
strains were rough. The remaining strains were smooth. 0.2 cc. of potassium 
alum w'as added to the filtrate before injection. All the injections were made at 
weekly intervals. The first 2 months the horse received only subcutaneous mjec- 
tions. The doses were gradually increased so that on 9/26/29 there was injected 
subcutaneously 200 cc. of the filtrate. From this date the horse was immunized 
weekly both subcutaneously with the filtrate and also intravenoxisb" vdth “poly- 
valent heat-killed B. coli vaccine.” The lafter consisted of a mixture of the same 
strains employed for preparation of the filtrates. The first intravenous dose was 

100.000. 000 organisms. There was also a gradual increase with each subsequent 
injection. On 11/26/29 the intravenous dose of one-half billion organisms was 
reached. The subcutaneous doses fluctuated from 150 to 200 cc. during the period 
between 9/26 and 11/26/31. Bleeding 95 was made 11/25/31. The immuniza- 
tion was continued in a similar manner until May, 1930, the subcutaneous doses 
fluctuating between ISO and 200 cc. and the intravenous doses between one-half 
billion and one billion organisms. Horses 60, 2, 8, and 148 were immunized for 
various periods of time in a manner similar to Horse 20. During the course of 
immunization Horse 60 rested a few times, for several weeks each time — as indi- 
cated in Table III. 

Horse 101 . — Immunization of this horse was less intensive. It began 9/29/31 
and continued at weekly intcrv'als. The first subcutaneous dose was 5 cc, of the 
“polyvalent B. coli toxin.” The subcutaneous doses were gradually increased so 
that 4/2/31 the horse received 20 cc. of the filtrate. From 4/9 to 5/9/31 tlic horse 
received both subcutaneous injections of the “pohwalcnt B. colt toxin” and intra- 
venous injections of the “pohwaicnt hcat-killcd B. coli vaccine,” The subcu- 
taneous dose of 85 cc. was reached on 5/9/31. The intravenous doses v»'crc 
also gradually increased with each injection. The first intravenous dose %vas 

300.000. 000 organisms. On 5/9/31 the horse received intravenously 800,000,000 
organisms. 

As is seen from Tabic III, the auxiliary factor described is in the 
nature of an antibody, the production of which is stimulated by 
immunization with B. coli heated cultures and culture filtrates. 

The antibody appears shortly after the beginning of immunization. 
Tlic length of time necessar\% however, for its development differs in 
horses under the same treatment. Thus, after 10 weeks of immuni.za- 
tion the antibody was absent in Horse 2, but alreadv present in Ilor-e 
S. Tlic majority of horses developixi the antibody in S to 10 weekn. 
d lie antibody also (iis.ippeare(i in Horses 20 and ^^0 durini: the 
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of immunization. After the disappearance of the antibody, Horse 60 
was rested intermittently for 9 weeks. 3 weeks of immunization 
following the last period of 3 weeks rest again stimulated the produc- 
tion of the antibody. 

The question of what happens to the anticoli antibody simultane- 
ously with these fluctuations in auxiliary antibody will be taken up 
subsequently. 


DISCUSSION AND CONCLUSIONS 

The present paper embodies data concerning a certain antibody 
auxiliary to neutralization of meningococcus reacting factors. 

The auxiliary antibody is not complement and has no apparent 
relationship to the anticomplementary property of horse sera. 

The antibody is produced by immunization of horses with B. colt 
heat-killed cultures and culture filtrates. It appears shortly after the 
beginning of immunization and it may disappear during the process of 
immunization. Horses in which the antibody disappears can regain 
their power of producing it after a few weeks of immunization, follow- 
ing a period of rest. 

The auxiliary antibody is absent from other heterologous and normal 
horse sera thus far tested. 

When the auxiliaiy’' antibody is mixed ;?j vitro with an antimeningo- 
coccus horse scrum which by itself is capable of irregular neutralization 
in a high titer the cfiect is as follows; 

The IN titer of the mixture is increased; the mixture acquires the 
power of complete neutralization (CN titer) of large numbers of toxic 
units; it diflers in its potency for filtrates of various serological groups. 

However, the auxiliaiy antibody docs not exhibit its efTect in mix- 
tures with antimcningococcus sera unless the latter contain neutraliz- 
ing antibodies of sufficient potency and concentration. 

The employment of the auxiliar}* antibody enables one to express the 
neutralizing value of antimcningococcus sera in terms of complete 
neutralization and thus gives an accurate method for their comparative 
evaluation. 

It has been shown in previous communications that the potency of 
toxic tiUratcs fluctuates in storage. IIus considerably hamiicaps the 
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of immunization. After the disappearance of the antibody, Horse 60 
was rested intermittently for 9 weeks. 3 weeks of immunization 
following the last period of 3 weeks rest again stimulated the produc- 
tion of the antibody. 

The question of what happens to the anticoli antibody simultane- 
ously with these fluctuations in auxiliary antibody wdll be taken up 
subsequently. 


DISCUSSION AND CONCLUSIONS 

The present paper embodies data concerning a certain antibody 
auxiliary to neutralization of meningococcus reacting factors. 

The auxiliary antibody is not complement and has no apparent 
relationship to the anticomplementary property of horse sera. 

The antibody is produced by immunization of horses with B. colt 
heat-killed cultures and culture filtrates. It appears shortly after the 
beginning of immunization and it may disappear during the process of 
immunization. Horses in which the antibody disappears can regain 
their power of producing it after a few weeks of immunization, follow- 
ing a period of rest. 

The auxiliarj^ antibody is absent from other heterologous and normal 
horse sera thus far tested. 

When the auxiliai*}" antibody is mixed vilro with an antimeningo- 
coccus horse serum which by itself is capable of irregular neutralization 
in a high titer the eflcct is as follows: 

The IX titer of the mixture is increased; the mixture acquires the 
power of complete neutralization (CX titer) of large numbers of toxic 
units; it diflcrs in its potency for filtrates of various serological groups. 

However, the auxiliar>' antibody does not exhibit its cflect in mix- 
tures with antimcningococcus sera unless the latter contain neutraliz- 
ing antibodies of sufiicicnt potency and concentration. 

The employment of the auxiliary' antibody enables one to express the 
neutralizing value of antimcningococcus sera in terms of complete 
neutralization and thus gives an accurate method for their comparative 
evaluation. 

It has been shown in previous communications that the pot^nev of 
toxic tillrates fluctuates in storage. 'J'his con-iderablv handicat)? the 
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studies on neutralizing antibodies of sera. Inasmuch as in recent 
observations the CN titer of mixtures of antimeningococcus sera with 
the auxiliary antibody appeared to be quite stable,* an opportunity 
presents itself to titrate the potency of filtrates against a “stock” 
standard serum and thus determine the toxic titer of filtrates more 
accurately than by direct titrations. 

It remains to be seen whether the reinforcement of antimeningo- 
coccus horse sera by means of the auxiliary antibody increases tbeir 
therapeutic value. 

This paper also includes data on a non-specific neutralizing factor 
of the following characteristics : 

1. It is present in a heterologous immune serum (i.e. anticoli horse 
serum) . 

2. It is not associated with specific antimeningococcus antibodies 
(i. c. agglutinins and precipitins) . 

3. It apparently displays no serological group specificity. 

4. It gives complete neutralization of meningococcus reacting factors 
in multiple proportions. 

5. Its neutralizing effect is not displayed when mixed with an anti- 
meningococcus serum of low potency. 

6. It is not complement and not associated with anticomplementary 
properties of horse sera. 

These properties have to be differentiated from those of the specific 
neutralizing antibodies of antimeningococcus sera (8, 9). The latter 
are stimulated by immunization mth meningococcus antigens; tliey 
exliibit species, serological group, and variant specificity; they arc 
obtained in high potency with considerable difficulties; and in most 
instances the}' neutralize completely only small numbers of toxic units, 
but are capable of incomplete neutralization of considerable amounts of 
toxic filtrates. WTien multiples of a given amount of antimeningo- 
coccus serum are tested there is a proportionate increase in the titer of 
irregular neutralization but no proportionate increase in the CN titer. 

Work is in progress to determine the nature of the non-specific 
neutralizing factor and also to establish its relations to the auxiliary 
antibody. 

-The mixtures were ahvays made the day of the experiment. 
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STOIMARY 

In this paper there is described an antibody auxiliarj^ to the neutrali- 
sation of meningococcus reacting factors. The presence of the anti- 
body facilitates studies on neutralizing potency of antimeningococcus 
sera. 

There is also reported a non-specific neutralizing factor of a heterolo- 
gous immune serum, which can be differentiated from specific neutral- 
izing antibodies of antimeningococcus sera. Its nature and connection 
with the auxiliary antibody remain to be determined. 
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A SEROLOGICAL STUDY OF THE POLYSACCHARIDES OF 
MENINGOCOCCUS, B. ANTHRACIS, B. PROTEUS, 
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sylvania) 

(Received for publication, July 24, 1931) 

Since the initial studies of Heidelberger, Goebel and Avery (1) on 
cross-reactions between the specific polysaccharides of Pneumococcus 
Type II and Friedlander bacillus, the literature has contained little 
or nothing on reactions of similar nature between tlie specific poly- 
saccharides of other organisms. However, in the study of bacterial 
polysaccharides, wc have found many interesting cross-reactions that 
by theory would not have been expected. Among these, the one here 
reported is of special interest, from both a theoretical as well as a 
practical point of view. Przcmycki (2) obtained a specific carbo- 
hydrate substance from tlic J3. protcus organism; Furth and Land- 
stcincr (3) also obtained a carbohydrate from J5. protcus which they 
found to be specific. Combicsco, Soru and Stamatcsco (4) have 
described a specific carbohydrate obtained from antlirax, and some 
of the chemical properties, such as rotation, ]>rc5cncc of pentoses, 
hexoses, etc. 

The wide difTcrence between the meningococci and tlie Gram- 
positive bacilli would not lead one to suspect an immunological 
relationsliip between the carbohydrates of the two groups. Our 
first observation was accidental, and occurred wlicn tests v/crc made 
to determine the specificity of the anthrax jyfiysaccharide with various 
immune sera. In the case of the antimenineococcus serum, we 
observed that an immediate precipitate former!, wliicli increa^^ed after 
incubation. I'his was repcatol witli many <!i’.Tere:u samjdes of 
antimcnmgocwccic sera. We tlivn ]>roveedel to >tu(lv the n'clprocal 
test, :.r., nu nin coco ecus j>'fiysaccharide vith anth.rax S'-ram arid 
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found that precipitation took place. The titration of the polysac 
charide from these organisms, as well as others {B. mesenterkm, I 
proteiis and B. suhtilis) was made, using antimeningococcus, ant 
anthrax and antiproteus sera. The results of this test are show 

TABLE I 


Tiiralion of Polysaccharide of B. anthrax, B. protons, B. suhtilis and Menxngococct 
with Antianthrax, Antimeningococcus and Antiproteus Sera 


Final dilution of polysaccharide 

Antimeningococcus 
serum (63S3) undiluted 

i 

Antianthrax serum 
(879S) undiluted 

Antiproteus scrum 
(6202) undiluted 

1/40,000 

1/160,000 

1/640,000 

o 

o 

o 

o 

1/20,000 

1/80,000 

1/320,000 

1/1,200,000 

1/2000 

1/8000 

1/16,000 

1/64,000 

Meningococcus 

4 

4 

4 

4 

3 

B 

1 

0 

2 

2 

0 

0 

Anthrax 

4 

4 

4 

3 

4 

B 

4 

1 

0 

0 

0 

0 

Proteus 

4 

4 

4 

3 

3 

B 

0 

0 

4 

4 

4 

3 

Mcscntericus 

4 

4 

4 

4 

4 

B 

0 

0 

0 

0 

0 

0 

Suhtilis 

4 

4 

4 

3 

3 

B 

0 

0 

2 

1 

0 

0 


Overnight readings. 


TABLE n 


Titration of Antimeningococcic, Antianthrax and Antiproteus Sera with Diffcrcn 

Polysaccharides {1/10,000) 


Final dilution of 

Antimeningococcic scrum 
(8363) 

Antianthrax serum 
(8795) 

Antiproteus serum 
(6206) rabbit 

scrum 
























<^4 





'O 






NO ; 




::r 




S 



- 

00 

- 






> 




Meningococcus. . 

4 

4 

4 

2 

0 

0 

3 

2 

1 

0 

0 

0 

2 

1 

0 

0 

0 


Anthrax : 

4 

4 

4 

2 

0 

0 

4 

4 

4 

4 

2 

0 

0 

0 

0 

o 

0 


Proteus 

4 

4 

4 

2 

0 

0 

3 

2 

1 

0 

0 

0 

4 

4 

4 

4 

3 

1 2 

Mesenlericus *., . . 

4 : 

4 

4 ' 

1 

0 1 

0 

4 

2 

1 

0 

0 

0 

0 

0 

0 

I 0 

0 


Suhtilis 

4 

4 

4 : 

2 

y 

0 

3 

2 

1 

0 

y 

y 

2 

1 

0 

y 

: 0 



in Table I. We found that, with tlie antimeningococcic serum, all 
of the polysaccharides gave more or less the same result, while with 
antianthrax serum the differences were more marked, showing tlic 
antlirax polysaccharide to be more potent and specific in higher 
dilutions. We then titrated the same sera and a prokus antiserum 
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some bearing on tlie agglutination in typhus cases witli proicus antigen, 
since in some typhus sera we have obtained agglutination with tlie 
meningococcus antigen. We will report these studies in a future 
paper. 

In order to secure more information, we made absorption tests 
with antimeningococcus and antiantlirax sera and the various poly- 
saccharides, performing an agglutination test with the homologous 
organism of the antiserum as well as a precipitation test with tlie 
homologous polysaccharide, to determine whether antibody was 
absorbed by the specific carbohydrate. For this experiment, we had 
to use concentrated sera prepared according to Felton’s (5) water 
precipitate method, in order to test the dilution obtained in tlie 
absorption process and still possess carbohydrate precipitable sub- 
stance. The original serum showed precipitin in dilution 1/8, while 
in the concentrated preparation it gave a titer of 1/64. 

Meihod 

To 2 cc. of concentrated serum, were added 2 cc. of the polysaccharide 1/1000, 
incubated for 2 hours at ?>TC., and placed in the ice box overnight. The mixture 
was centrifuged and from tire supernatant liquid, 2 cc. were taken and absorbed 
again with the polysaccharide. This procedure was repeated four times. In 
each sample the precipitin and agglutination tests were done with tlie homologous 
polysaccharide and antigen. 

The results of absorption of antimeningococcus serum are shown in 
Table IV. Here we noticed tliat the carbohydrate antibody was 
equally well absorbed b)-- all of the polysaccliarides used, while tlie 
agglutination titer of tlie serum was unaffected. In Table V we show 
tlie results of absorption of antiantlirax serum. We note here that 
while the heterologous polysaccliarides gave a precipitate with this 
serum, only tlie homologous polysaccliaride absorbed the anthrax 
specific antibody. Here we have at least two anticarbohydrate 
antibodies, one specific, easily absorbed by its specific carbohydrate 
and another probably group specific as those found in antipneuniococ- 
cus scrum or even more broadly non-specific. V'et the agglutination 
titer of tlic serum is not changed by any of tlie absorbing polysaccha- 
rides, not even when the specific polysaccharide absorbs its homologous 
antibody. 
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The absorption tests with antiproteus serum only will be mentioned 
because the amount of immune serum was limited and no concentra- 
tion was obtained, although the meningococcus and subtilis poly- 

TABLE IV 

Prccipiiht Tests with Moiingococcus Polysaccharide lllOfiOO^ after Absorption of 
Antivieningococcic Serum vjith Ifcningococcus^ Anthrax^ Proteus ^ 

Subtilis and Mcscntcricus Polysaccharide 1/1000, as Well as 
the Agglutination Titer of the Same Scrum 


Final dilution 

1/4 

1/8 

I/IC 

1/32 

1/64 

1/12S 

Argluti na- 
tion titer 

Absorbed with mcningo- 

1st 

1 

0 

0 

0 

0 

0 

3:1/500 

coccus polysaccharide 

2nd 

— 

0 

0 

0 

0 

0 


1/1000 

3rd 

- 

- 

0 

0 

0 

0 



4th 

— 

— 

— 

0 

0 

0 


Absorbed with anthrax 

1st 

1 

0 

0 

0 

0 

0 

3:1/500 

polysaccharide 1/1000 

2nd 

- 

0 

0 

0 

0 

0 



3rd 

— 

— 

0 

0 

0 

0 



4th 

— 

— 

— 

0 

0 

0 


Absorbed with subtilis 

1st 

2 

1 

0 

0 

0 

0 

3:1/500 

polysaccharide 1/1000 

2nd 

- 

1 

0 

0 

0 

0 



3rd 

— 

— 

0 

0 

0 

0 



4th 

— 

— 1 


0 

0 

0 


Absorbed with mcscntcri- 

1st i 

2 i 

1 

0 ! 

0 

0 

0 

3:1/500 

CU5 pob'saccharide 

2ndi 

- ' 

1 

0 i 

0 

0 

0 


1/1000 

3rd * 

— 

— 

0 

0 

0 

0 



4lh 

— 

— 


0 

0 

0 


Absorbed with prrtcus 

1st 

1 

0 

0 

0 

0 

0 

3:1/500 

polysaccharide 1/1000 

2nd 

- 

0 

0 

0 

0 

0 



3rd 

— 

— 

0 

0 ; 

0 

0 



4 th 

— 

“ 

— 

0 

0 , 

0 

1 

Control f-enin'. with rail so- 

in 

4 

4 

4 

4 

4 ! 

2 ■ 

' 3:1 f Sir) 

lution 

Aih 

— 

— 

— 

• 

n 

1 4 

! o 1 



saccharides <iid not absorb ilic specific prccipiiable substance for the 
f retcu*^ l^'OlysaccJuridc showin:: tlie saiiie non-speciilc non 

wv.s found in tiio r.l)F)qn!on CAptrinunl? v.ith .-.nti-inthrax MTura. 
I he f-rclcu! J>.1ly^..''.ccliaridc i? jpc-cinc. 
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DISCUSSION 

The interesting findings of Heidelberger, Goebel and Avery on the 
immunological and chemical similarity between the polysaccharides 
obtained from a strain of Bacillus friedlacnderi and from Pneumo- 

TABLE V 


Predpilin Tests with Anthrax Polysaccharide (1/10,000) after Absorption of Anti- 
anthrax Serum with Meningococcus, Anthrax, Proteus, Mesentericus and 
Subtilis, as Well as the Agglutination Titer of the Same Scrum 


Final dilution of serum 

1/4 

1/8 

1/16 

1/32 



Agglutma- 
tion titer 

Absorbed with meningo- 

1st 

4 

4 

4 

4 

3 


3:1/5000 

• coccus polysaccharide 

2nd 

— 

4 

4 

4 

3 



1/1000 

3rd 



4 

4 

2 




4th 

— 

— 

— 

4 

2 

1 


Absorbed with antliras 

1st 

2 

2 

1 

1 

0 

0 

3:1/5000 

polysaccharide 1/1000 

2nd 

B 

2 

0 

0 

0 

0 



3rd i 



0 

0 

0 

0 



4th 

H 

— 

— 

0 

0 

0 


Absorbed with suhiiUs 

1st 

4 : 

4 

4 

4 

4 

3 

3:1/5000 

polysaccharide 1/1000 

2nd 

B 

4 

4 

4 

4 

3 



3rd 



4 

4 

4 

2 



4th 

B 

— 

— 

4 

4 

2 


Absorbed with fncscnkri’^ 

1st 

4 

4 

4 

4 

4 

3 

3:1/5000 

cus polysaccharide 

2nd 


4 

1 4 

4 

' 4 

3 


1/1000 

3rd 


— 

1 4 

4 

4 

2 



4th 

B 

— 

— 

4 

4 

2 


Absorbed with proUus 

1st 

4 

4 

4 

4 

4 

2 

3:1/5000 

polysaccharide 1/1000 

2nd 


' 4 

4 

4 

4 

3 



3rd 


— 

4 

4 

4 

3 



4th 

B 

— 

— 

4 

4 

2 


Control scrum with salt 

1st 

4 

4 

4 

4 

4 

4 

3:1/5000 

solution 

4th 

— 

— 

— 

4 

4 

2 



coccus T}'pe II, are somewhat similar to our findings with these other 
organisms. The possibility of a similar chemical composition will be 
left for future study. Again the possibility arises of having in the 
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polysaccharides of these organisms a similar or common substance to 
all of them, as was found in the pneumococcus by Tillett, Goebel and 
Avery (6). 

From previous work and from our present findings, we are aware 
of the complexity of bacterial antigens and of the necessity’' for a 
chemical structural study of the different polysaccharides. It is of 
interest to remember that while B. anthracis and B, incscuicricus are so 
different in their biological behavior, Cowles (7) has found a bacteri- 
ophage common to both, suggesting a related chemical structure; a 
finding corroborated by our polysaccharide studies. 

The work of Heidelberger, Goebel and Avery with B, fricdlacndcri 
and Pneumococcus II has been used in detecting an immu- 

nological method making it possible to predict chemical similarities 
in the carbohydrate as Landsteiner (8) has suggested for tlie erj^thro- 
cytes in the different species of animals. 

CONCLUSIONS 

1. The meningococcus polysaccharide reacts with a broad pre- 
cipitablc carbohydrate antibody in common with tliosc of J5. anthraciSj 
B, suhtihs^ B, protcus and B, mcscntcricus, 

2. The antlirax and protcus polysaccharides arc specific in tlic 
higher dilutions of scrum. 

3. Antianthrax scrum contains two different polysaccliaridc pre- 
cipitablc antibodies, one specific and the other non-specific. 

4. Agglutinins have no relation to the carbohydrate prccipitable 
substance, specific or non-specific. 

5. An immunological method is given for the study of the probable 
chemical relation or similarity of polysaccharides of different bacteria 
similar to that given by Heidelberger, Goebel and Aver\' from a strain 
of Fricdlander bacillus and Pneumococcus Type II. 
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ELECTROPHORESIS EXPERIMENTS WITH THE VIRUS 
AND PROTECTIVE BODIES OF YELLOW FEVER* 


By martin FROBISHER, Jr., M.D. 

{From ihc Yellow Fever Laboratory of the International Health Division of the Roche- 
feller Foundation, Bahia, Brazil) 

(Received for publication, July 15, 1931) 

Much valuable information has come to light in recent years through 
the application of the knowledge and technique of colloidal chemistrj’' 
to the problems involved in the stud}^ of the ultramicroscopic viruses. 
Among the important discoveries made has been the fact that many 
viruses migrate in an electric field in much the same manner as toxins, 
antitoxins, bacteria, and otlicr minute particles in suspension. DifTcr- 
cnccs in the electrical behavior of a number of \druses under similar 
conditions would seem to indicate that the migration is due in each 
case to some specific property of tlic infectious agent. It is recog- 
nized, however, that electrophoresis is influenced by a number of 
factors external to the migrating particles. For example, there are 
good reasons for supposing the viruses to be closely, even inseparably, 
associated with proteins of tlieir hosts and that electrophoresis may 
be modified by this association. In the present state of our knowledge, 
however, this docs not detract from tlic value of electrical experi- 
ments. Constant association with some particular serum constituent 
may be due to some special peculiarity of a given virus, the serum 
constituent conferring wpon the virus an apparently constant property 
demonstrable by exposure to an electric current. 

The electrical properties of tlic Nirus of vaccinia and of various races of bac« 
tcriojdiarc have received much attention, especially from Dourl-*" Smitfi (I), 
Todd (2), Vaoi and Kasai (3), Kn:c;:cr, Ritter, and Smith {4k and other v. orders. 


• The ph.cnomcnon of the mi;:ration of colloirl.al partsclc-s ur.drr th'* innrerrr of 
the electric current :s tnov, n as c!ectr\*'phpreri.^ ; th^ tern:^ .anaph^ rt’:* arid cata* 
ph.oresi^ art for mirratiwn to the an vfc rm.d catl 'vir rr^'^rctlvc!/ : 15 
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The viruses of fowl-pox, m3fxoma of rabbits, and encephalitis of rabbits, as well as 
bacteriophage, have recently been very carefully studied by Natarajan and Hj'de 
(5), with interesting results. It has been suggested that separation of certain 
viruses from extraneous material ma)'- eventually be accomplished bj'" means of 
electrophoresis; but all workers are not of the same opinion upon this point. A 
possible step in this direction, however, has been made by Olitsky and Long (6) in 
the recover}’- of vaccinia virus from non-infective tissues of recovered rabbits and 
from neutral serum-virus mixtures. In discussing the work of Bro-nm and Broom, 
Hindle and Findla}’ (7) point out that a knowledge of the charge of the yellow 
fever virus ma}’^ serve as a rational basis for therapy of the disease. It is to be 
hoped that additional knowledge of the electrical and other physical properties of 
the ultramicroscopic viruses ma}" lead to further advance. 

While the electrical charge of a virus may be inferred, in some in- 
stances, from adsorption or filtration experiments, it must be borne in 
mind that adsorption and filtration, although related, are probably 
not entirely dependent upon electrical forces. As pointed out in the 
preceding paragraph, even results obtained electrically with an ap- 
paratus of the Landsteiner and Pauli (8) type, or one of its numerous 
modifications, may not depend solely upon the electrical cliarge (if. 
any) of the virus itself. In considering the electrical charge of viruses 
one must guard constantly against errors due to associations between 
the vims and other substances; and methods involving agar bridges 
must include precautions against undue electroendosmotic flow. The 
volume of such flow tlirough 2 per cent agar bridges 15 to 20 cm. in 
length is ver}* small (9) with a current of 5 ma. (110 volts). In the 
“U” tube type of apparatus of 50 to 60 cc. capacity it probably does 
not affect the results, especially since the agar is discarded. How- 
ever, where the agar itself is used as a test source of the material 
under investigation and has been in contact with it during the course 
of tlie e.xpcriraent, electro-osmosis must be considered in interpreting 
the results. Vdy- rapid capillary flow of water must also be consid- 
ered in methods which involve the use of filter paper, since adsorption 
is not an instantaneous process, rate and extent being dependent 
upon temperature, viscosity, and other factors. 

McDwds 

The e.xperiments described in this paper were made with a modified Landsteiner 
and Pauli apparatus of the t}Tie (A) designed by Krueger, Ritter, and Smith (4). 
:\ slight modification of the electrodes was made by substituting zinc mercury 
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amalgam dipping into concentrated zinc sulfate solution as described bj-Olitsky 
(10). Preceding each use of the instnunent the glass parts were boiled and rinsed 
with saline solution. The stop-cocks, lightly greased with sterile vaseline, were 


ft 



I'lG. 1. Arrangement of the a;iparnlus U5cd in llicsc c.vj>cnmcni£. (A) five dr>’ 
batteries in series; (I)) milliammctcr; (C) rinc-n'iCreur;/ electrode; (D) satitratcd 
solution of ainc sulfate; (E) glass tubes containing 2 per cent salt nrar; (I ) rotten 
plugs to prevent diiTusion. 


then in*^crlctl ar.il ll:r bon' of cacli c.Icanr;i v.fjh a plrlrri c<f ste; 
rcmcA'c rxec! «:,v r.r:::*; ari'l l*ov 1 of ;hc tube v r 
<ululc»i normal menbey icrurn. llrb U!ei in* tea l c: fait 
came It h.a< been sV.ov.n (11, 1- - thnt tb.e vlrar c; \cl’ v fm. er b. f » 
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mal monkey serum. After centrifugation, the emulsion was passed through a 
Berkefeld N filter and substituted for the \drus-bearing serum under conditions 
othen\ise exactly like those obtaining in Experiments 1 to 8. The details of 
these two mosquito experiments appear in Table I. 

Experiments 11 and 12 

These experiments were conducted in exactly the same manner as Experiments 
1 to 10, except that the normal serum was diluted with distilled water instead of 
saline solution and contained enough er\^throc>'tes to produce a deep red, translu« 
cent, somewhat turbid fluid, most of the red cells being hemolyzed. It w*as not 
possible to determine the reaction by the colorimetric method, because of the 
hemoglobin present, but it seems likely that it was well on the alkaline side of 
neutral. 

RESULTS AND DISCUSSION 

The data in Table I show that in clear, hemoglobin-free serum dilu- 
tions having slightly alkaline reactions (pH 7.4 to 7.7) active virus 
was demonstrated three times at the cathode (negative pole) and never 
definitely at the anode. Experiment 2 was unsatisfactorj^ because the 
animal inoculated with material from the anode may have been one of 
the naturally refractor}" monkeys occasionally encountered. In Ex- 
periment 4 it is impossible to interpret the reactions of the monkeys as 
indicating citlier cataphorcsis or anaphorcsis. In Experiments 3, 5, 
6, and 7 it seems that between pH 7.4 and pH 6.2 the virus first passes 
through its isoelectric range and then tends to reverse its direction of 
migration. It thus behaves like an amphoteric colloid. At a pH of 
5.0 it was evidently inactivated (Experiment 8). 

It is of interest to note that the mosquito virus migrated in the same 
direction as the scrum virus. However, as has been pointed out, the 
migration of the ^^ru5 may be due in large part to adsorption of some 
serum constituent which confers upon the virus uniform electrical 
properties regardless of origin. 

That alterations in the composition of tlic suspending fluid niav 
affect the migration of the virus is shown by Experiments 11 and 12, 
in which llic virus migrated definitely to the anode (positive [vik*). It 
appears that the virus was influcnccHi in .<^me manner hv the h.cmo- 
globm, by the roi cells or their stroma, by s^mie precipitale due to ihe 
atldition of the water, by tlic low electrolyte content, or bv other 
unknown factor. It was ob^ervai. in conforrr.itv v,!th the result^ r*f 
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Michaelis (16) and otliers, that the hemoglobin migrated strongly to 
the anode, invading the agar bridge for a distance of about 15 mm. It 
is possible that the virus adsorbed hemoglobin and migrated as such, 
or tliat tlie virus was swept toward the anode by the rapidly mowng 
hemoglobin in spite of its ovm slower motion toward tlie cathode. 

These results agree, in many respects, with those of Hindle and 
Findlay. Using tlie filter paper method of Bedson and Bland (17) 
these workers concluded that in fluids having reactions between pH 
5.2 and pH 7.0 the virus has a negative charge. They found the wrus 
to be inactivated in fluids with a reaction more acid than pH 5.2. 
Thus it seems clear that the virus usually acts as though positively 
charged in alkaline fluids and as though negatively charged in acid 
fluids unless influenced by some factor such as hemoglobin or some 
other electrically active substance. The isoelectric point of tlie virus 
seems to be in the neighborhood of pH 7.0, possibty ranging from 
about 7.3 to 6.9. It is destroyed by acidities greater than pH 5.2. 

Electrophoresis of Antibodies 

We know, from the experiments of Field and Teague (IS, 19), and 
many other workers, that various kinds of antibodies against bacteria 
and tlieir products and against various proteins behave in many in- 
stances like colloids and migrate in an electrical field. In tlie litera- 
ture at hand tliere is little to be found relating to the electrical prop- 
erties of the protective bodies in antivirus sera. From the results 
of Olitsky and Long (6) and Olitsky, Rhoads, and Long (20), who 
clectricall}’’ separated infective quantities of virus from non-infective 
tissues of vaccinia-recovered rabbits, and poliomyelitis-recovered 
monkeys, one may infer that the antibodies did not migrate or that 
they moved in a direction opposite to that of the viruses. In any 
case, the vinises, although neutralized by the antibodies, were cer- 
tainly not inseparably combined with them. A rather loose physical 
combination is indicated. 

Ven,' little is known of the nature of the reaction by which yellow 
fever immune serum protects susceptible animals against infection. 
It seems not unlikely, however, that a physical combination, possibly 
based upon mutual neutralization of two oppositely charged colloids, 


mav occur. 
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In order to test this h>T)othesis experiments were arranged to ascer- 
tain, if possible, the charge carried b}^' the antibodies in j^ellow fever 
immune serum. These experiments rvere in all respects similar to 
Tests 1 to 10, except that serum of an immune monkey was substituted 
fox the virus-bearing material in the central arm of the apparatus. 

In most of these experiments, 1 hour after injection of material 
from each arm of the apparatus each monkey was inoculated with 
fresh, virus-bearing blood. When, in a given test, the monkey re- 
ceiving material from the positive arm of tlie “U’’ tube gave no e\d- 
dencc of infection while the animal that received material from the 
negative arm died of yellow fever or had a severe febrile attack within 
the incubation period, it was assumed that protective bodies must 
have migrated to the anode (positive arm). Tliis is in accord vdth 
the suggestion that the reaction between \nrus and antibody involves 
two oppositely charged colloids, since, as has been sho^\m in the pre- 
ceding pages, the virus migrates to the cathode as a rule. 

As shown in Table II, in four tests the monkey receiving material 
from the cathodal arm died of yellow fever and in a fiftli test had a 
severe attack of fever. In a sixth test the anodal monkey died of 
yellow fever. The latter experiment is vitiated, however, by a ques- 
tion which arose immediately after inoculation, as to tlie identity of 
the two animals. The balance of satisfactory' evidence makes it 
seem tliat yellow fever antibodies do not migrate regularly to the 
cathode. ^Migration to the anode, on the otlicr hand, occurred in 
three (or possibly four) of the six trials. Among the three trials in 
which the antibodies arc not recorded as migrating to the anode is one 
(4) in which polarization of the electrodes occurred, with marked pre- 
cipitation of the protein, difference in reaction of the fluid in the two 
side arms, heating of the apparatus, etc. The antibodies apparently 
did not migrate satisfactorily in either direction. In anollicr trial (5) 
the anodal animal died, after three days, of another infection (luber- 
culosis'i and all organs affected were riddlc<l with tubercles. Tlierc 
was no twidence, gross or microscopic, that yellow fever was in rin%' 
way involve'<i. 'Ihe antibodies may have migrated to the anode Jn 
this li^t. 'riiry cerlainly did not migrate to tlu* cath<'<!e since \hc 
catluHlal animal iiicsi of typical yellow fever. After r<-v:ev.ir.g all (4 
the evidence, canty though it is. it seem- not unrea**' ^nrddv to c.- nc!m:e 
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that the antibodies in yellow fever serum carrj’- a negative cliarge under 
the conditions of these experiments and that the neutralization of virus 
by immune serum ‘may involve an interaction between oppositely 
charged colloids. 


CONCLUSIONS 

1. When suspended in slightly alkaline (pH 7.4 to 7.8) saline dilu- 
tions of clear, hemoglobin-free normal monkey serum, the virus of 
yellow fever from infected monkeys and from infected, but blood-free, 
mosquitoes, usually acts as if it were possessed of a positive electrical 
charge. 

2. The virus tends to assume a negative charge in fluids having a 
slightly acid reaction. 

3. The isoelectric point of the virus seems to be in the neighborhood 
of pH 7.0, possibly ranging from pH 7.3 to pH 6.9. 

4. Exposure to fluid having a reaction of pH 5.0 for 3 hours appeared 
to inactivate the virus. 

5. In experiments in which the suspending fluid was prepared with 
normal serum diluted with distilled water and containing a good 
quantity of partly hemolyzed erythrocytes, the virus tended to migrate 
to the anode. 

6. The protective bodies in yellow fever immune serum appear to 
carry a negative charge in slightly alkaline saline dilutions of serum. 

The writer takes pleasure in acknowledging the assistance of Dr. 
Nelson C. Davis in conducting these experiments. 
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STUDIES ON THE RELATION BET\TOEN TUMOR SUSCEPTI- 
BILITY AND HEREDITY 
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The existence of constitutional tj^es which differ in tlieir suscepti- 
bility to disease has long been recognized. Of recent years the subject 
has received special emphasis in the numerous investigations which 
have been carried on to determine whether such typ^s arc inherited. 
The differences may manifest themselves in the degree of resistance to 
bacterial disease, or may be apparent in the frequenc}’’ of pathological 
conditions of non -bacterial origin. In either case the demonstration 
of the inheritcncc of distinct tj'pes may aid in isolating them and also 
contribute to the analysis of the phenomena of resistance and 
susceptibility. 

A considerable number of data have been collected in our laboratory" 
concerning the incidence of lung tumors in mice. It has already been 
shown (1) that strains of mice exist which differ significantly from each 
other in regard to the incidence of spontaneous lung tumors which 
occur in them. It has also been demonstrated that the same strains 
differ in the same general way in their liability to induced lung tumors. 
That the latter differences arc inherited has been shown by appropriate 
crosses (2). The exact relation between induced and spontaneous 
tumors has not been determined. It is possible that they are identical 
as far as the nature of the susceptibility is concerned, ])ut it is imj>or- 
tnnt to know whether data on sjx)ntnnc‘Ous tumors in an experiment 
involving a cross between strains would parallel those yielded by 
induced tumors. Evidence bearing on this {>oint is nov.- at hand. 
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viduals that had tumors in the matnmar}" gland. In such cases it was sometimes 
difiicult to distinguish between primar>^ lung tumors and metastases from mam- 
mar}' tumors. Among 331 females over 6 months of age 62 or 18.7 per cent had 
mammar>' tumors and twenty or 6.0 per cent had tumors which were diagnosed 
as primal}' both in the mammae and in the lung. In a total population of 622 


iackcross males iackcross females 
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No tumors except those in tlie lung arc indicated on tlie cliart. TJie iiidividuals 
are grouped in age periods of 6 months. 


If comparisons are made between corresponding age groups of the 
same sex (Table I) it is found that in every case the percentage of lung 
tumors is greater in the backcross from tlie high tumor strain tlian in 
that from the low strain. In the first age period, that between 7 and 
12 months, in which the number of tumors is small, the difference in 
the percentages of the two backcross groups is, for the males, only 2.6 


TABLE I 

Comparison of the Backcross Groups — Males and Females Considered Separately 




Backcross from Strain D 

Backcross from Strain 1194 



a> 

W 

to 

< 

Total mice 

No. of mice 
with tumor 

Per cent p £ 

tumor 

Total mice 

S o 

c p 

l-l 

Percent 
of mice 
with 
tumor 

P.E. 
of per 
cent 

Differ- ,, 
cnceof 

cn^c 

ages 

Difference ' 

P.E. 

d'd' 

mos, 

7-12 

64 

3 

4.7 ± 1.8 

46 

0 

o.o± 

0.0 

4.7± 1.8 

2.6 


13-18 

59 

18 

30.5 db 4.0 

35 

1 

2.9i 

1.9 

27.7 db 4.5 

6.2 


19-24 

40 

23 

57. 5± 5.3 

14 

4 

28.6 ± 

8.1 

28.9 ± 9.7 

2.9 


25-31 

26 

20 

76. 9± 5.0 

7 

2 

28.6 ± 11.5 

48.4 rfc 12.8 

3.8 

Total 

189 

64 

33. 9± 2.3 

102 

B 

6.9rt: 

1.7 

27. 0± 2.9 

9.4 

9 9 
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61 

8 

13.1 ± 2.9 

41 

2 

4.9± 

2.3 

8 .3 rh 3.7 

2.2 


13-18 
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4. 9 

1.9 

18.4rh 3.5 

5.2 


19-24 

39 

20 

51.3 ± 5.4 

10 



9.8 

21.3 ± 11.2 

1.9 
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68.0 ± 6.3 
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1 
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Total 

215 

66 

30.7 ± 2.1 

116 

9 

/ . 8 ri: 

1.7 

22.9=h 2.7 

8.5 


times its probable error — that is, merely possibly significant — and 
for the females it is only 2.2 limes its probable error. For the period 
between 13 and 18 months the differences in the two backcrosses are 
clearl}' significant for both sexes. In the two later age periods the 
total numbers involved, especially in the backcross from the low tumor 
strain, were very small. 

To compare the groups as a whole a method can be employed 
which has been described by Karl Pearson and J. F. Tocher (3). It 
was designed to give a more accurate comparison than that previously 

































CLARA J. LYNCH 


753 


possible between the death-rates of two groups of individuals in W'hich 
the age distribution differed and in which death might be due to 
diseases which are a function of age. By this method the death rate 
is corrected by reduction to a “standard population’’ and a constant 
(0 is found which expresses the ratio of the difference of corrected 
death-rates to the standard deviation of that difference. Since Q 
divided by 0 .67449 is equal to the ratio of the difference of the percentages 
to the probable error of the difference, this constant may be used to 
make comparisons similar to those of the preceding paragraph. To 
test further whether tlic two systems of frequency are random samples 
of the same population the general xo^ test of partial contingency also 
may be applied. Considering the males first we find in our present data 
that the crude tumor rate of the total population of males from the 
backcross to the high tumor strain is 33.9 ± 2.3 per cent and from the 
low strain 6.9 ±1.7 per cent with a difference of 27.0 ± 2.9 per cent or 
9,4 times its probable error. By applying the method of Pearson and 
Tocher to the groups of individuals in Table I the value of Q- is found to 
be 21.9054 and of 0 4.683. Here Q divided by 0.67449 would be 6.9. 
While this figure is smaller than that obtained by the first metliod 
there is no doubt that the two populations arc significantly different. 
In the partial contingency test the value of xo‘ proves to be 20.24S4. 
Referring to Elderton's Tabic (4) we find by interpolation that P - 
0.00045 for it' five groups. Again the chances arc tremendously 
against the probability that random sampling would account for the 
divergence found in the two populations. Similarly for the females, 
the crude tumor rates are 30.7 ± 2.1 per cent and 7.8 ± 1.7 per cent 
for the backcrosscs to the high and low strains respectively, llic 
difference is 22.9 ± 2.7 or S.5 times il.s probable error. From the data 
in Tabic I, the value of Q* is found to be 15.2602 and the difference of 
the two groups according to their “corrected” tumor rales would be 
equivalent to 5.8 times the probaldc error. Furthermore, x:' 
14.1897 and P is O.OOoS. Measured by these tests the backcro?s 
groups, both male and female, <iOrived from the high tumor str.ain gave 
signincantly higher tumor rates tli.in did the cnrre 5 r>onding hackcro^- 
group'^ from tlu* low tumor str.ain. 

Thus far we have d.ealt with the s* xes separatrlv. In 5 -une of cur 
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more susceptible to lung tumors than females. A detailed analysis, 
however, of strictly comparable groups has not shown a significant 
difference. Despite this fact the possibility that sex may have a slight 
influence has not been precluded and a further investigation dealing 
with more critical evidence is under way. It may be of interest to 
examine the present data from this point of view. From Table II it 
will be seen that in the backcross from Strain D in three age periods the 
males have a higher tumor incidence, though none of them significantly 
so, and the total incidence is 3.2 per cent higher than that of the 
females. This figure is scarcely greater than its probable error (± 
3.1 per cent). In the backcross from Strain 1194 in three age periods 


TABLE II 

Comparison of Males •with Females in the Two Backcross Groups 



Backcross from Strain D 

Backcross from Strain 1194 

Age 

Difference p p. 
of tumor 
percent- 
nges 

Difference 

P.E. 

Difference 
of tumor 

t"ce 

ages 

Difference 

P.E. 

mos. 

7-12 

-8.4 ± 3.4 

2.5 

-4.9 ± 2.3 

2.1 

13-18 

7.2 ± 5.0 

1.4 

-2.1 =b 2.7 

0.8 

19-24 

6.2 ± 7.5 

0.9 

-1.4 ± 12.7 

0.1 

25-31 

8.9i: 8.4 

1.1 

1 

3.6± 18.6 

0.2 

Total 

3.2 db 3.1 

1 

1.0 

0.9± 2.4 

0,4 


. — sign indicates that the female showed the higher rate. 


it is the females that have a higher tumor incidence and the total rate 
for the females is just slightly larger (0.9 d= 2.4 per cent) than that of 
the males. However, a greater difference between the sexes is brought 
out by the Pearson and Tocher method. Comparing the males in the 
backcross from Strain D with the females we find Q- to be 4.5306 and 
Q divided by 0.67449 to be 3.2. However, further calculation shows 
Xo* to be 4.5063 and P to be 0.346. That is, according to the latter 
test the chances arc about 35 in 100 that random sampling would 
account for the divergence noted in the two systems. The higher rate 
of the males cannot, therefore, be regarded as significant. In the 
other backcross groups (from Strain 1194) Q- - 2.5792 and Q divided 
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by 0.67449 is 2.4. For these data, xo* proves to be 2.5386 and P is 
0.639. The higher rate oi the females in this case is not significant. 

More extensive data as to the effect of sex upon lung tumor incidence 
are being compiled. In the meantime, since no influence has been 
demonstrated, it may be permissible to class males and females to- 
gether* and compare the total populations in the two backcrosses. 
The combined data are listed in Table III and it vail be noted that 
at every age period the differences are statistically significant. For a 
total of 404 mice obtained from backcrossing to the high tumor strain, 
the lung tumor incidence was 32.2 db 1.6 while 218 individuals from 
the low tumor strain had a tumor rate of 7.3 zL 1.2. This gives a 
difference of 24.8 ± 2.0 per cent, over twelve times its probable error. 


TABLE m 

Comparison of (he Backcross Groups — Maks and Females Considered Together 



BaeVeross from Strain T) 

Backcrors from Strain 1194 


Arc 

Total 

mice 

Ko of 
mice 
with 
tumor 

Per cent p p 
ori.iV 
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mice 

No. of 
mice 
«riih 
tumor 

Per cent p p 
of mice 

tumor 

niffer- p p 

’d'&CT- 

c.-,cc 

Diflcrence 

P.K. 

nos. 









7-12 

125 

11 

8 8 i 1-7 

87 

2 

2.3 i 1.1 

6.5=b 2.0 

3.2 

13-18 ' 

149 

39 

26 2 2 4 

96 

4 

4.2 ± 1.4 

22. Oi 2.8 

7.9 

19-24 

79 

43 

54.4 i 3 8 

24 

7 

29.2 db 6.3 I 

30 .3 db 7.3 

3.5 

25-31 

51 

37 i 

72.5 dc 4 3 

11 

3 

27.3 d= 9.1 : 

45 3 di 10.0 

4.5 

Total. 

405 

150 

32 2 dt 1 6 

218 

16 

1 

7.3 i 1.2 

24 S dr 2 0 

1 


If the method of Pearson and Tocher is again applied, the value of Q 
proves to be 6,009 from which we may deduce that the difference in 
the rates of the groups in question would be equivalent to v^.9 times 
the probable error, x^r is v^3.3458. In Klderlon's Table for xr 30 
we find P to be 0.000005. 0 here is no question of tlu* sienificancc of 
the figure obtained here. 

Table IV is appended in order to give another grouping of tl'.efam*^* 
4iata wliich may be more Cimvenient for comjuirio->n vdtli ]»revi i:>!v 
jnibli-b.ed. record^ of other strain^. Here the difference- in the turner 
rates of the contra^tedi pepulatio^.^ for mice uvir 6 mor.tl.-, \2 
and IS m.ontlis of are art* undot’btedha 
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cally, lung tumors may be composed of alveolar, terminal bronchial or 
bronchial epithelial cells, occurring separately, in the same animal, or 
even in the same nodule. Sometimes the growths appear benign, 
but may show infiltration and metastasis to other organs. Nothing 
is known as to their rate of growth. A classification which would be 
satisfactory for genetic purposes has not been worked out. How much 
of this variation is controlled by heredity is not clear. 

DISCUSSION 

The results presented here may perhaps be more illuminating if 
viewed in connection with some of the observations previously made 
in this laboratory upon the inheritance of lung tumors in mice. As a 
fundamental consideration for this study, it must be remembered that, 
when mice are crossed, parents botli of which are tumorous may pro- 
duce offspring which develop tumors and others which do not though 
they live well into the tumor age; likewise, parents which live to an 
advanced age without exhibiting growths in the lung may number 
among their progeny both tumor and tumor-free mice. This phenome- 
non could be explained either by somatic variability or on the basis of 
several genetic factors (5), 

Regardless of the number of hereditarj’' units the fact of the somatic 
variability of the tumor character should be obvious although it has 
apparently been disregarded by many authors. An individual that 
dies witliout producing a tumor is not thereby proved to be ^'non- 
tumor” gcnot>’pically. Tumor incidence varies with age, with sex 
and with environmental conditions, of which a few arc known and 
probabh'' a larger number unknown. It is plain that an indiv'idual 
geneticall}" susceptible (carrjdng the gene or genes for tumor) might 
never actually develop a growth if the requisite secondary' influences 
were non-opcralivc. This impossibility of classification by inspection 
is one of the great obstacles to the genetic study of cancer. Since 
accurate identification of the non-tumor individual is imi>ossible it is 
customary' to make comjiarisons between groups of indivirlunls on the 
assumption that the unknown, secondary, non -hereditary factors 
operate equally in each and then to make corrections for age. sex and 
whatever environmental influences can be checked. 

During the course of our investigations a number of such compari'^-ons 
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have been made and some of the more important items are outlined 
Fig. 1. A necessary preliminary to the work included an extensr 
survey of the tumor incidence and tumor age of various strains of mic 
Two strains were discovered (1), one derived from Bagg albinos ai 
an agouti strain, No. 1194, which have been demonstrated to diff 
significantly in their lung tumor rates. Among mice of all ages ov 
12 months Strain 1194 has 6.7 db 1.2 per cent, and the Bagg albin 

37.0 rfc 2.8 per cent of growths in the lung. The numbers are sufficie 
for the differences to be mathematically significant, thus showing th: 
the hereditary tendencies of the two strains differ in respect to tumo 
of the lung. When individuals from these strains are housed togeth 
in the same cages they have the tumor rates characteristic of the 
respective families and show no evidence of contamination (ui 
published data). Since it is known tliat tumors can be induced I 
chronic irritation, it becomes a matter of importance to note wheth 
or not these two types of constitution hereditarily maintained 
separate lines of descent react in the same manner to a carcinogen 
agent. Groups of mice from the albinos and the agoutis have bee 
tested by tar painting, the tar applications being made in the custc 
mary way in the interscapular area of the skin. The result of tl 
experiment showed that tumors in the skin were produced in bot 
groups at about the same rate and in the same percentage (64.3 : 

9.0 and 63.2 ±8.7 per cent respectively). The numbers of mice i 
the experiment were small, but there was no indication that tlie diffe 
ence in susceptibility which has been observed in regard to lung tissu 
applies also to the skin. From this it seemed that tumor suscept 
bilities might be specific. A further investigation of this possibility 
being made at tlie present time. It was evident that instead of testin 
by the induction of tumors in tire skin, a proper test of these two mous 
strains would be one which would affect the tissue upon whicli th 
original observ'ations were made. In the first experiment the albin 
strain had given a high percentage of lung tumors but it was not clea 
whether they were spontaneous or had been induced by the treatment 
A more precise test was subsequently made possible through th 
discover}' by iSIurphy and Sturm (7) that primary tumors could b 
induced in the lungs of mice by cutaneous tarring provided the area 
of application were varied. This modified method was therefor 
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applied to the strains in question. WTien the animals were about 13 
months of age they were killed and it was found that the tumor rate 
in each strain had increased. The low strain gave a tumor incidence 
after tarring of 22.4 ± 4.0 per cent while that of the high tumor strain 
had gone up to 85.4 ±3.4 per cent. It is to be noted that in the groups 
upon which the rate of spontaneous tiunors was calculated there were 
no lung tumors at all in mice of either strain under 15 months of age. 
The difference between the two strains, shoTivm by the incidence of tar- 
induced tumors, was twice as great as that in the spontaneous lung 
tumor rates. In an attempt to discover whether these hereditarj^ 
qualities could be followed w^hen the strains w^ere crossed certain 
individuals from the two strains had been mated before the}" were sub- 
jected to tarring. When the resulting Fi mice were painted, the 
tumor rate remained high (78.6 ± 5.2 per cent). The Fi were then 
backcrossed to the tw’o original stocks, and the offspring w^re tarred. 
The backcross from the Bagg stock remained high (81.1 ± 4.3 per 
cent), w’hereas in the backcross to the low* strain the rate dropped to 
about half (39.5 ± 5.3 per cent). 

As we have seen, these results have been duplicated by an c?cpcri- 
ment with spontaneous tumors. A male (No. 7001), from a strain 
in w’hich lung tumors arc frequent, was crossed with females from the 
same low' tumor strain as that used in the preceding experiment, and 
their Fi, wdicn backcrossed to the parental stocks, gave high (32.2 ± 
1.6 per cent) or low’ (7.3 ±1.2 per cent) tumor rates according to 
w’hich parental strain w’as used. The familial influence is again 
evident. 


SUlfilARY 

A male mouse from a strain with a high incidence of spontaneous 
lung tumors was crossed w’ith several females derived from a low' 
tumor strain. The first generation of offspring were then backcrossed 
to individuals of the original strains. The resulting t’/.*o groups of 
ofrs]>ring dilTcred significantly in the incidence of si>ontaneous tumors 
of the lung. 

Tliese facts arc disais^^cd in relation to others prcviouslv difcovercd. 

It seems clear from the evidence prt'ScTited that there arc amonr 
mice constitutional types which <iiner in incifience of turr.''»rs of the 
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lung and that the differences are inherited. The number of genetic 
factors involved has not been determined. No influence of sex was 
apparent. The possibility of there being genetic factors which affect 
tumor age will be dealt with later. 
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HISTOLOGICAL STUDIES OF THE BONE MARROW IN 
FASTED AND POLYNEURITIC PIGEONS 

By ROBERT A. IvIOORE, M.D., and 0. W. BARLOW, Ph.D. 

{From the Departments of Pathology and Pharmacology, Western Reserve UtnversUy, 

Cleveland) 

Plates 55 A^'D 56 

(Received for publication, July 11, 1931) 

In previous communications/ one of us has reported a series of 
studies on rice disease in pigeons and the effect of vitamin B, lactose, 
magnesium sulfate, and mineral oil on the anemia, weight loss, and bac- 
teremia. In further study of this problem it was necessarj^ to examine 
the histological changes in the bone marrow in rice disease and com- 
pare them with that in starvation and pure vitamin B deficiency. 
The present report concerns the results of this investigation. 

Method 

Adult licalthy pigeons, which weighed about 350 gm,, were used. Six were 
selected at random, fed on a normal diet of whole mixed grain and grit, and cm- 
plo3Td as controls. Eleven were deprived of all food except rater until tlic}' bad 
lost 40 to 50 per cent of the original body weight. Eight were allowed to cat 
polished rice until they had lost a similar weight. No attempt was made to force- 
feed these animals. Seven were fed a s^mthctic diet dcfjdcnt only in ritamin B 
until definite polyneuritis developed. These animals were fed 12 to 18 gm. of the 
diet daily and watched to avoid regurgitation. This diet was prepared as follora: 

Commercial casein was rendered ritamin B free by extraction three times with 
hot 80 per cent alcohol and mixed into a dough with the other constituents. 


fr* (fn*. 

Extracted casein IS 

St.irdi 55 

Crisco 20 

Salt mixture 5 

Cod liver oil 2 


.\ 2 weds supply ras made at one lime and licpt in the ice Ik)i. Wl.tn cacli 
anim.al developed a jatisf.actorx’ expvcrimcntal a?ndiiion, it v.as ‘.acrificcd bv ci- 

* Harlow, O. \V., .Ir:. /. Physic:,, IQoO, 93, 161. 



'^jsion of.tbe neck and all ^^lT:c pigeons 


Tie genera) state of tt. f 

r.nmr ®^°^«-=™e disease 



Labile j 
^^‘cc Series 



2.152.000 
•3,008,000 

2.320.000 

2.832.000 

2.888.000 

2.304.000 

2.784.000 

2.788.000 

2.808.000 
•3 , 018,000 
2,888,000 


82,000 

67,000 

110,000 

108,000 

68,000 

72,622 

13,920 

58,790 

79.000 

40.000 
35,554 


Sho^vs 63 per cent of ^ ~~~ 

o^aneniia and ^veight Joss bacterial count 

n „ "T'-<^<™ent of U,e 


■•Do™, c . c ■ « a fat '^3' 

' o*«t/<,«, Aj; A?S‘"ci;“,'"; S- »"<i Satin F o ‘^Placement of the 
’ "“■■"'‘’''"oa--»OW„'v, Win,, 



ROBERT A. MOORE AND 0. W. BARLOW 


763 


marrow and marked decrease in hematopoietic elements. The myelo- 
cytic islands are for the most part absent except in the peripheral zones 
(Fig. 1, b). Erythrogenesis is almost in abeyance. In some animals 
(13, 20, 21, and 25) there is an increase in apparent vascularity and 
slight evidence of formation of red cells similar to the picture described 
by Doan, Cunningham, and Sabin as early regeneration (Fig. 2). 
With no refeeding which would produce this change, the conclusion is 
that it represents a failure of complete aplasia and not a regeneration 
after aplasia. 

In the rice disease birds the histological changes in the bone marrow arc 
strictly comparable to those of the fasted animals (Fig. 1, c). Again, 

TABLE n 


Fasting Series 


No. 

Per cent o( 
normal weight 

R.P.C. 

i 

Hemoglobin 

Bacterial count 
total 




f'fr ernt 


A 

54 

1,984,000 

62 


B 

64.6 

3,136,000 

72 


C 

61.6 

2,512,000 

65 


D 

52 

1,760,000 

62 


E 

68 

3,088,000 

76 


F 

53.2 

2,032,000 

59 


G 

55 

1 ,920,000 

68 

10,360 

II 

59 

3,256,000 



C8 

63 4 

2,800,000 

74 

14,000 

Cll 

69 1 

3,208,000 

78 

9,728 

Median — 10.. 

60 3 

2,656.000 

68 

10,360 


in Animals 9 and 12 there is a similar U'pe of slight erj'throgenesis. 
Thus on the basis of histological examination the conclusion must be, 
that the anemia of rice disease, in which the animals are not force-fed, 
is essentially a starvation anemia and not at all, or only indirectly, 
related to the absence of vitamin B in polished rice. 

In the group of pigeons fed a synthetic diet deficient only in vitamin 
B. the t^^)c of change is entirely different. Ilematojxiiesis of Inth the 
granular and red cell scries is abundant and shows all stages, but manv 
of the adult and immature cells sh.nw degenerative clianees tl'i;-. J). 

The nuclei of myelocytes and megalobla't« sh.-v,v l;an.’orrhexi=, jv.-’,;- 
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marrow and marked decrease in hematopoietic elements. The myelo- 
cytic islands are for the most part absent except in the peripheral zones 
(Fig. 1, b). Erythrogenesis is almost in abeyance. In some animals 
(13, 20, 21, and 25) there is an increase in apparent vascularity and 
slight evidence of formation of red cells similar to the picture described 
by Doan, Cunningham, and Sabin as early regeneration (Fig. 2). 
With no refeeding which would produce this change, the conclusion is 
that it represents a failure of complete aplasia and not a regeneration 
after aplasia. 

In the rice disease birds the histological changes in the bone marrow are 
strictly comparable to those of the fasted animals (Fig. 1, c). Again, 

TABLE II 


Fasting Series 


No. 

Per cent of 
normal weight 

R.P.C. 

Hemoglobin 

Bacterial count 
total 




per cent 


A 

54 

1,984,000 

62 


B 

64.6 

3,136,000 

72 


C 

61.6 

2,512,000 

65 


D 

52 

1,760,000 

62 


E 

68 

3,088,000 

76 


F 

53.2 

2,032,000 

59 

10,160 

G 

55 

1,920,000 

68 

10,360 

H 

59 

3,256,000 



C8 

63.4 

2,800,000 

74 

14,000 

Cll 

69 

3,208,000 

78 

9,728 

Median — 10.. . 

60.3 

2,656,000 

68 

10,360 


in Animals 9 and 12 there is a similar tjqje of slight erythrogenesis. 
Thus on the basis of histological examination the conclusion must be, 
that the anemia of rice disease, in which the animals are not force-fed, 
is essentially a starvation anemia and not at aU, or only indirectly, 
related to the absence of vitamin B in polished rice. 

In the group of pigeons fed a synthetic diet deficient only in vitamin 
B, the type of change is entirely different. Hematopoiesis of both the 
granular and red ceU series is abundant and shows aU stages, but many 
of the adult and immature cells show degenerative changes (Fig. 1, d). 
The nuclei of myelocytes and megaloblasts show karyorrhexis, pyk- 
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EXPLANATION OF PLATES 
Plate 55 

Fig. 1. (a) normal bone marrow, (6) bone marrow from fasted pigeon, (c) bone 
marrow from rice disease pigeon, {d) bone marrow from pol 3 mcuritis pigeon. 
X90. 

Plate 56 

Fig. 2. From fasted pigeon. Note the apparent increase of vascular channels 
with many immature red ceUs 'within the lumina. X 325. 

Fig. 3. Island of hematopoietic tissue from pigeon fed a diet deficient in vitamin 
B. Note the swelling, granularity, and nuclear degeneration in the immature 
blood cells 'with edema of the artiolar wall. X 560. 





Fig, 1 


(Moore and Barlow: Bone marrow in polyneuritic pigeons) 




THE IMMEDIATE EFFECTS OF UNILATERAL NEPHREC- 
TOMY ON OPEN GLOMERULI AND URINE OUTPUT 

By ROBERT A. T^IOORE, M.D., and WARD W. SUMMERVILLE, M.D. 

[From the Institute of Pathology^ Western Reserve University, Cleveland) 
(Received for publication, July 11, 1931) 

The phenomenon of oliguria or anuria following operation or mani- 
pulation of the urinary tract is well recognized. Few have attempted 
a definite explanation except on the basis of a ureterorenal or reno- 
renal reflex. Such a hypothesis as this assumes a nervous pathway 
but does not adequately explain the fundamental changes in the 
kidney or kidneys. Bieter^ has recently studied the effects of splanch- 
nic section and stimulation on the blood-containing glomeruli of the 
frog. With the technique of direct observation he found that the 
splanchnics were concerned in the control of the glomerular circulation 
and felt that such a control explains reflex anuria. The Janus green 
B method of Hayman and Starr.^ offers another method of approach 
to this problem and the present paper reports a study of this type. 

Method 

Two groups of rabbits were studied. In one group, unilateral nephrectomy was 
done and the animal allowed to recover for 2 hours when the opposite kidney was 
injected. In the other group, the animal was placed under sodium barbital anes- 
thesia, the right kidney removed and a constant .record of blood pressure kept for 
the 2 hours, when the left kidney was injected. In all experimental animals the 
right kidney was removed by an extraperitoneal lumbar operation and injected 
supravitally as described by Moore and Lukianoff.^ The bladder was emptied 
by catheter at the beginning and by catheter and inspection of the organ at the 
end of each experiment. Sodium barbital for anesthesia was given intravenously. 
The blood pressure was recorded from the carotid artery with a mercury manom- 
eter and a Becker kymograph. The phenolsulfonephthalein excretion was 
determined for a period of 1 hour after intravenous injection. Intravital injections 
and counts of both kidneys were carried out as described by Moore and Lukianoff 

* Bieter, R. N., Am. J. Physiol., 1930, 91, 436; Proc. Soc. Exp. Biol, and Med., 
1928-29, 26, 792. 

2 Hayman, J. M., Jr., and Starr, I., J. Exp. Med., 1925, 42, 641. 

’ Moore, R. A., and LnkianolE, G., J. Exp. Med., 1929, 50, 227. 
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Sham Operation 
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Percent 

patent 

glomeruli 

— 

36.7 

22.2 

49.2 

80.2 

59.7 

73.6 

105.7 
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TABLE TV 
Supravital Injections 
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Kidney 

Weight cortex 



Estimate entire 
kidney 

7 

1 

1 

R 
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31 

R 
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L 
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34 ! 
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TABLE V 

Distrihulion of the Findings 
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glomeruli 
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Sham operation 
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2. For a period of 2 hours after unilateral nephrectomy the one 
kidney carries on a proportionate part of the work of the previous two 
kidne3’’S, and there is no evidence of functional compensation, 

3. There is a general correlation between open glomeruli and urine 
output. 

We wish to tliank Doctor H. T, Karsner for aid in the preparation 
of this report. 




THE CHOLESTEROL FUNCTION OF THE GALL BLADDER 

By ROBERT ELMAN, and J. B. TAUSSIG, M.D. 

{From the Department of Surgery j Washington University School of Medicine, and 
Barnes Hospital, St, Louis,) 

(Received for publication, July 27, 1931) 

Although cliolesterol has achieved a widespread interest in relation 
to the general metabolism of the body it has an especial importance in 
surgery because of its striking tendency to localize and cause disease 
in the gaU bladder. Gall stones nearly always contain cholesterol 
and many of them are composed of this substance alone. Even in the 
absence of stones it may be stored in large amounts under the mucous 
membrane, a not uncommon condition now called the “strawberry 
gall bladder,” or more strictly “cholesterosis” of the gall bladder. 
Our attention has therefore been directed for many years to the 
behavior of this substance in the bile, especially as regards the activi- 
ties of the gall bladder wall. Does the biliary epithelium excrete 
cholesterol in the bile, or does it absorb it? Although this question 
has been variously answered by writers on the subject, the problem 
still remains, it seems to us, an unsolved one. Evidence will be 
presented in this paper which, it is believed, helps to point to the true 
solution. 

The name of Naimyn is associated with the early reports on cholesterol in rela- 
tion to the gall bladder, although Virchow first suggested that the epithelium of 
the viscus had something to do with this fat-like alcohol. Naunyn, in 1892, first \ 
expressed the view that cholesterol in the bile is a product of the gaU bladder and 
bile duct epithelium through desquamation and degeneration of their cholesterol- 
containing cells. This h 3 q)othesis was based on the study of much clinical material, 
on the accessory observation that inflammatory discharges from mucous membrane 
elsewhere (sputtim) contained as much or more cholesterol than bile, and on the 
experiments of Jankau who found that cholesterol of the bile was independent of 
cholesterol intake. 

Direct measurements of the cholesterol content of the bile from the gall bladder 
as compared with that from the liver might be expected to throw light on our 
problem. And many observations have been made, not only on autopsy material 
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of two dogs following ligation of the common duct, a condition favoring resorption 
whereas he saw it abundantly in two animals in which the ligature had cut through 
and bile was leaking out, a condition favoring excretion. 

Further support for the hj^othesis of excretion has been presented in prelimi- 
narj^ studies from this laboratory (14-16) and will be described in detail in another 
paper (17). The experiments with cystic duct occlusion have already been men- 
tioned. Another series of experiments in which comparisons were made- between 
two specimens of bile collected from the same dog showed that tlie one subjected 
to gall bladder influence contained much more cholesterol than the other coming 
directly from the liver, even when the element of concentration of the bile was 
taken into accoimt. In still other observations cholesterol was always found in 
the colorless secretion from the common ducts of dogs, and in the colorless h 3 ’’drops 
fluid of the human gall bladder. Fomveather and Collinson also found cliolesterol 
in the gall bladder contents of nine cases of hj^drops as well as in the wall of the 
viscus, often in considerable amoxmts. Since these fluids are obviously tlie product 
of the biliary duct epithelium, the presence of the substance was an indication of 
its secretion. The present observations add further evidence in support of this 
view. 

In this paper we shall present comparative analyses of gall bladder 
and hepatic bile from the same case, analyses from which, we believe, 
one may draw relatively accurate inferences. 

Methods 

Since the gall bladder has the power of concentrating bile it is necessary" to 
measure this effect in some way. This was done by determinations of the biliru- 
bin content, since this substance is excreted by the liver, and is indifferent to the 
activities of the bile duct epithelium at least under normal conditions or during 
short periods (38, 39). That is to sa}’', if a particular specimen of gall bladder bile 
contained 3.0 mg. per cc. and tlie hepatic bile from the same case but 1.0 mg. 
per cc. it is obvious that the gall bladder had concentrated the bile three times 
and that if its cholesterol content was less than three times that of hepatic bile 
some had been absorbed; if more than three times some had been excreted. 

In the analyses of human bile (Table I) the specimen from the gall bladder was 
obtained at operation; the hepatic bile was collected in the first three cases sub- 
sequently through the catheter placed in the common duct. Putrefaction was 
minimized by removing the accumulated secretion frequentl}^ and storing it m 
the icc box. In three cases suffldent bile w^as obtained for anal^^sis by puncture 
of the common duct at operation, and in one case at aniopsy. 

In the analyses of dog bile (Table II) the gall bladder was removed and its 
contents were emptied immcdiatcl 3 % The drainage of hepatic bile through intuba- 
tion of the common duct was effected through the dosed, 24 hour, aseptic method 
first described by Rous and McMaster (38). All bile specimens were centrifuged 
or filtered before analysis. 
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The chemical method for determination of bilirubin was that of Hooper and 
WTiipple as modified by Rous and McMaster (39). Ordinarily 1 cc. of bile was 
added to 50 cc. of 95 per cent alcohol (containing 8 cc. concentrated HNO 3 and 40 
cc. HCi per liter) and when the color turned green, was read in a colorimeter 
against an inorganic standard (10 cc. of 10 per cent CUSO 4 + 0.075 cc. of 1 per cent 
KsCroO;) which in its color strength was equivalent to a solution containing 0.020 
mg. of bilirubin per cc. 

Cholesterol was determined by a modification of the Autenrieth-Funk method. 
Saponification was first effected by heating 5 cc. of bile with 20 cc. of 3 per cent 
KOH (in 95 per cent alcohol). Extraction was carried out in a separatory funnel 
with petroleum ether which was then evaporated. The residue was extracted 
with chloroform into 10 cc. volumetric flasks, 2 cc. acetic anhydride and 0.1 cc. 
concentrated H2SO4 added, made up to the mark, and the green color matched 
against a known cholesterol standard carried through the same color reaction. 
The details of this method are described at some length in a forthcoming paper (18). 

FINDINGS 

The results of our analyses are tabulated in the accompanying 
tables. Table I includes the human cases. These were patients 
operated on for cholecystitis with or without stones. It will be seen 
that the gall bladder bile contained much more cholesterol than the 
hepatic bile, the percentage differences being tabulated in the fourth 
column. That this increase could not be espjlained by concentration 
alone is shown by the bilirubin figures in the next columns, for the 
increase in cholesterol was much greater than that of bilirubin in all 
but one specimen. In three specimens, in fact, the hepatic bile was 
more concentrated than its corresponding gall bladder specimen. This 
is not surprising for the latter had come from a diseased organ which 
had lost most of its concentrating power by disease, and may even 
have diluted the bile by an abnormal secretion of mucus. 

In four cases the comparisons were made between specimens ob- 
tained simultaneously, (three at the time of operation and one at 
autopsy) for it was possible in them to obtain enough hepatic bile for 
analysis by pimcture of the common or hepatic duct. The findings 
are of special importance for this reason and in each case showed, as 
in the others, a greater cholesterol content in the gall bladder bile 
than can be accounted for by inspissation alone. It may be objected 
that hepatic bile obtained by puncture of the common duct may have 
been mixed with gall bladder bile passing into it through the cystic duct 
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TABLE I — Concluded 



Cholesterol 

Concentration of bile 
(Bilirubin) 


Case 

Hepatic 

bile 

i 

G.B. 

bile 

1 DilTcr- 
cnce 
over 
hepatic 
bile 

Hepatic 

bile 

G.B. 

bile 

Differ- 

ence 

over 

hepatic 

bile 

Description 


mf. Per 
cc. 

0.94 

mg. per 
cc, 

1.85 

per cent 

+97 

mg. per 
cc. 

1.1 

mg. per 
cc. 

0.40 

per cent 

-64 

Same case (M.R.) Hepatic bile 
from drainage of common duct 
{8th day) 

J. B. 

1.72 

1 

3.35 

+94' 

3.7 

4.4 

+ 19 

Specimens obtained at autopsy. 
Death due to heart disease. 
Biliary tract normal 


TABLE n 

Showing the Actually and Relatively Greater Cholesterol Content of Gall Bladder over 
Hepatic Bile in the Same Dog {Normal Secreiimis) 



Cholesterol 

Concentration of bile 
(Bilirubin) 


Dog 

Hepatic 

bile 

G.B. 

bile 

Differ- 

ence 

over 

hepatic 

bile 

Hepatic 

bile 

i G.B. 

' bile 

Differ- 

ence 

1 over 
hepatic 
, bile 

Remarks 

21 

mg. per 
cc. 

0.19 

mg. per 
cc. 

0.64 

per cent 

+230 

mg. per 
cc. 

0.11 

i 

mg. per 
cc. 

0.08 

Per cent 

-27 

Bile from gall bladder removed at 
operation. Hepatic bile from 

aseptic 24 hour drainage of com- 
mon duct (average of 5 days 
collection) 

18 

! 


0.35 

+370 

0.081 

0.083 

+2 

Same experiment. Hepatic bile 

average of 10 days collection 

15 

0.040 

0.25 ' 

+Sll' 

0.084 

0.149 

+77* 

! 

Same experiment. Hepatic bile 

average of 30 days collection 

10 

0.17 

1.00 

+490 

1.82 

0.98 1 

-46 

Same experiment. Average of 4 
days collection 
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trating influence of the gall bladder was accounted for by bilirubin 
determinations in each case. That in spite of these corrections the 
gall bladder bile still showed the greater content of cholesterol points 
to the wall of the viscus as its probable source. A possible objection 
to such an inference may be that the compared specimens, though 
from the same source, were not collected simultaneously, that one 
should really have a sample of the hepatic bile which had gone into 
and had been acted upon by the gall bladder, rather than that which 
was secreted afterwards. This would introduce a considerable error 
only if the liver bile varies greatly from day to day, a condition which 
does not occur normally. This objection applies least to the four 
human cases in which the two specimens were obtained simultane- 
ously. In the case of the dog averages of many hepatic bile samples 
probably corrected for some of such errors. But the objection is a 
valid one and the findings have value as suggestive evidence only 
because they are so marked and consistent. Taken moreover with 
the results of the other experiments already pointed out, the inference 
seems justified that cholesterol is excreted by the gall bladder mucosa. 

Since biliary epithelium is derived from the intestine this phenome- 
non is not surprising. Evidence has been accumulating that the 
intestinal tract and not the bile is probably the main site of origin 
(in addition to the food) of- sterols found in the stool. Thus Sperry 
has shown that in dogs with bile draining to the outside and fed a 
cholesterol-free diet, the fecal output of this substance is maintained 
and even increased. Loops of bowel isolated from the rest of the 
intestinal tract have been shown to excrete preceptible amounts of 
fat (1) and while cholesterol was not tested for, it seems likely that it 
was present. 

That infection increases the excretion of cholesterol has been 
suggested in previous experiments. Inflammatory exudates have 
long been known to contain large amounts of it (49). Herter and also 
Thomas have shown that inflammation of the gall bladder and bile 
ducts leads to a marked increase in cholesterol content of the bile 
they drain. And Illingworth was able to produce cholesterosis of the 
gall bladder by infecting that organ in rabbits while they were on a 
high cholesterol diet. It has been generally assumed that this increase 
coincidental with infection is due to the presence of degenerating 
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It may be necessary therefore to invoke the aid of inflammation after 
all and the evidence mentioned seems to favor this possibility for the 
excretion of cholesterol as well as the absorption of bile salts by the 
gall bladder seems to be accelerated in the presence of infection. 
Various other factors are also concerned in the solution and precipita- 
tion of cholesterol, a discussion of which can be found in the paper of 
Lichtwtz. More recently the reaction of the bile has been shown to 
be of considerable importance (12) and it may be that only after the 
importance of all these factors are evaluated will the true pathogen- 
esis of gall stones be revealed. 

The development of a “strawberry” gall bladder is also easy to 
explain on the excretion theory and will be discussed at some length 
elsewhere (17). Cholesterol accumulates in the walls of these gall 
bladders presumably because the bile can no longer take up any more 
of it. Indeed the few analyses of gall bladder bile from cases of 
“strawberry” gall bladder (our own and those of Illingworth) show 
a high cholesterol content. Unfortunately no analyses of bile salts 
on these cases have been made. Corroborative of this theory too are 
the extensive analyses of Fowweather and Collinson who found a 
“mean” cholesterol value in the bile of diseased gall bladders of 3.5 
mg. per cc. as compared with the normal of 2.3. They also found that 
the diseased gall bladder itself contained more cholesterol i,e. 1.20 mg. 
per cent against the normal of 0.91. 

These studies as well as others els^here enable us to picture the 
gall bladder not as a simple viscus absorbing water and excreting 
mucus but as also excreting cholesterol, absorbing bile salts (37), 
calcium (13, 33), and as making the bile more acid (12). To explain 
fully its various pathological features we must take into account all 
these functions, for perversion of one or more may lead to a variety of 
results. From a simple concentrating reservoir it would seem that the 
gall bladder is coming to attain the manifold activities of a real abdomi- 
nal organ. 


SUMMARY 

Cholesterol determinations of gall bladder and hepatic bile obtained 
from the same source reveal a greater concentration in the former even 
after the inspissating effect of the gall bladder is allowed for. This 
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FACTORS INFLUENCING THE CORRELATION BETWEEN 
DIFFERENCES OF ELECTRIC POTENTIAL IN THE 
SKIN OF HUMAN SUBJECTS AND BASAL 
METABOLISM 

Bv CfURLOTTE PURDY,* and CHARLES SHEARD, Pir.D. 

{From the Division of Physics and Biophysical Research ^ The Mayo Foundation, 

Rochester, Muirtcsota) 

Plate 57 

(Received for publication, August 17, 1931) 

In a preliminary report on the relationship between electric differ- 
ences of potential in the skin and normal basal metabolism we (4) 
concluded that, within the range of normal basal metabolism (+10 
per cent to —10 per cent), there appears to be a definite correlation 
between the basal metabolic rate and the differences of electric poten- 
tial in the skin of human subjects provided there is no marked impair- 
ment (either retardation or acceleration) in the circulation of the blood 
or in the physiologic functioning of the skin. We have continued 
our investigations regarding the factors which influence the correla- 
tion between the cutaneous electric differences of potential and basal 
metabolism. 

Lund in 1927 and 1928, in his researches on the respiration of cells reported 
that the electric polarity of a cell bears a quantitative relationship to the respira- 
tory changes of the cell. Since electric currents accompany cell oxidation, he 
believed that these currents were the result of oxidation-reduction potentials 
developed by the respiratory mechanism of the cells. 

Aveling and McDowall, from a study of the cutaneous blood vessels of animals, 
concluded that the resistance of the skin may be used as an indication or measure- 
ment of its vascularity. A decrease in resistance was associated with vasocon- 
striction, and vasodilatation was associated with an increase in resistance. Wells 
supported these conclusions by his observations on the skin of human subjects. 

At an earlier date Waller concluded that there was a close association between 
nutritional changes and the values of the electric resistance of the skin, but cor- 


* Fellow in Biophysics. 

789 



/90 


ELECTRIC POTENTIAL AND BASAL METABOLISM 


relation was not attempted between electric conductance and general metabolic 
activity. 

EXPERIMENTAL PROCEDURES AND RESULTS 

In Text-fig.^ 1 are plotted the values of the differences of electric potential 
as ordmates with the corresponding basal metabolisms, expressed in percentages, 
ibove or below normal, as abscissae in a group of persons presumably normal. 
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where x is the basal metabolic rate and y is the difference of electric potential 
of the skin measured across a specified intervening area of skin. The data of 
Text-fig. 1 show that higher basal metabolic rates are accompanied by lower 
differences of potential, and vice versa. 

Fig. 1 of the plate depicts the room and the ensemble of apparatus used in our 
investigations. The standard open circuit type of gasometer for the determi- 
nation of basal metabolism and the apparatus containing samples of expired 
air collected above mercur>" in tubes are shown at the left of the figure. The mask 
is in position over the mouth and nose of the person imder test. In the right por- 
tion of the illustration is sho^vn the electric ensemble for the measurement of 
potential difference. The non-polarizable electrodes of Alvarez, Clark and Free- 
lander are shown in position on the skin of the outer side of the left forearm. 
One electrode is placed at the articulation of the ulna and radius, while the second 
electrode is placed at an arbitrarily chosen but fixed distance of 12 cm. from the 
first electrode. Certain previous investigators believed that electric readings on 
the skin were influenced by sudomotor variations. We used a portion of the skin 
containing relatively few sweat glands in order to minimize any such effect. All 
measurements were made on persons who complied with standard requirements 
for the basal metabolic rate. Readings on the difference of electric potential were 
taken during the period of rest immediately preceding the test for basal metab- 
olism. The potential differences were measured with the Leeds and Northrup 
potentiometer shown in the plate (at the right in Fig. 2). This instrument was 
used in connection with the galvanometer (Leeds and Northrup, T 3 'pe R, 2,500, a) 
and in the plate is shown mounted on the wall in the upper right comer of Fig. 1. 
A portion of the electric measurements of potential were made with a combination 
of a portable galvanometer and millivoltmeter (left side of Fig. 2) . The measure- 
ments obtained by the potentiometer and the millivoltmeter were invariably in 
agreement, but the portable millivoltmeter-galvanometer combination is not as 
readily adjusted, 

A diagrammatic sketch of the non-polarizable electrode, with indications of the 
materials used in its constmetion, is shown in Text-fig. 2. The electrode is filled 
with a solution of lead chloride. Electric connection with the potentiometer is 
made through the two mercury amalgams (Cu + Hg and Pb + Hg). Contact 
with the skin is made through the gauze wick shown at the left of the figure. 

After the electrodes had been in position for a few minutes (8 to 10) on the arm 
of the person under test, the difference of potential generally reached a fairly 
steady or constant value; if it did not, an average or a modal value was used. The 
true difference of electric potential then was obtained by subtracting the potential 
of the electrodes per se from the constant value of the potential difference in posi- 
tion on the forearm. Text-fig. 3 shows typical sets of data. At times there is a 
rise of potential difference to the steady value, as shown in Curves 1 and 2, whereas 
at other times, as shown in Curve 4, there is a decrease in the value of the potential 
difference before the constant state is reached. Curve 3 is an example taken from 
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In a pre\nous communication we reported that the data, obtained 
by the methods described, were divisible into three groups; (1) rates 
showing a correlation between differences of electric potential in the 
skin and basal metabolic rates such as are exhibited by normal persons, 
(2) rates above the normals, and (3) rates below the normals. With 
few e.xceptions the basal metabolic rates calculated by the use of For- 
mula 2 did not agree with the experimentally determined values of the 



Text-Fig. 3 , Characteristic types of curves showing the relationship between 
time (in minutes) and the potential (in millivolts) before the steady state is 
reached. 


metabolic rates which fell either above +13 per cent or below —10 
per cent. The agreement of rates, as determined by calculation from 
Formula 2 and by gasometric test, within the normal range of +10 
per cent and — 10 per cent, was within ±4 points- In fact, we have 
used Formula 2 in attempts to predict the basal metabolism, believing 
that normal, healthy persons with normal circulation of blood and 
normal physiologic functioning of the skin manifest a deiSnite corxe- 
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measurements on eleven normal persons and on 72 persons who had 
presented themselves for clinical examinations. From a considera- 
tion of the distribution of values and of the fact that we were measur- 
ing differences of electric potential and basal metabolic rates of the 
group of 72 persons, we were led to a survey of the records. In the 
basal metabolic rates of this group as determined by test, eight were 



Text-Fig. 5. The lower curve shows the percentage of agreement between the 
basal metabolic rates determined by gasometric methods and from calculations on 
data obtained on the differences of electric potential for the number of cases in 
each group shown in the upper curve. (Data concerning 83 persons; 11 normal 
and 72 clinical subjects.) 

below — 10 per cent, forty were within the normal range and twenty- 
four were above +10 per cent. 

In cases in which the metabolic rates fell below — 10 per cent there 
was one case only in which the rates, determined by the two methods, 
agreed within =h4 points. In the clinical data regarding the other 
seven cases in this group there were recorded, in addition to the usual 
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symptoms accompanying lowered metabolism (such as dry, cold 
skin, and so forth), migraine with edema, one case eacli of angina 
pectoris and of anemia and one case in which the patient stated that 
the hands and feet go to sleep frequently and easily. 

There were twenty-one of the twenty-four basal metabolic rates 
above -}-10 per cent which did not agree within ±4 points. In these 
twenty-one cases there were reported symptoms of hyperthyroidism, 
such as marked nervousness, palpitation, tachycardia or edema. A 
diagnosis of subacute lymphatic leukemia was made in the case of one 
person whose basal metabolic rate was high but who had no symptoms 
of hyperthyroidism. Besides the symptoms of hyperthyroidism there 
were reported in this group five cases of hypertension. Chronic 
nervous exhaustion, endocarditis, pericarditis, myocardial insuffi- 
ciency, aortic sclerosis, secondary anemia and migraine also were noted. 
Five of the persons in this group had been placed on treatment with 
iodine for some time previous to the metabolic tests, hence the rates 
as determined may be considered as artifacts. 

Within the normal range there were ten exceptions to tlie agreement 
in metabolic rates by the two methods. In one of these exceptions the 
metabolic rate was taken shortly after thyroidectomy; in another the 
rate was associated in all probability with a condition of dyspnea. 
Two persons reported amenorrhea and frequent fainting spells. Two 
patients had been on treatment with thyroxine for some time, one of 
these had been given a diagnosis of myxedema with h>'pertension 
and cardiac hypertrophy, and the other had taken considerable 
amounts of calomel during the 2 years immediately preceding, in which 
she had suffered from cholecystitis and anorexia nervosa. The his- 
tory of one of the patients in this group carried a diagnosis of colloid 
goiter and mitral stenosis. In another instance, aortic sclerosis and 
diabetes mellitus were reported. One man, with symptoms of hyper- 
thyroidism and pericarditis, had a low metabolic rate due to the ad- 
ministration of iodine; previously he had had two attacks of lobar 
pneumonia with circulatory disturbances and slow recover}'" to nor- 
mality in this particular. One case of adenomatous goiter and 
cliolecystitis also was found in this group, but there was nothing of 
significance by way of an explanation for the disagreement between 
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the metabolic rate as determined from the electric potentials in the 
skin and the directly determined value. 

As a further check on our investigations, the data regarding persons 
whose metabolic rates as determined by the two methods were in 
agreement within ±4 points were c.xamined. Four persons had a rate 



Text-Fig. 6. Curve showing the effects of the application and release of pres- 
sure on the values of the differences of electric potentials (in millivolts) across a 
given area of skin. 

outside the normal range. One person had a rate of —12 per cent 
and was given a diagnosis of adenomatous goiter and cholecystitis. 
Three persons had metabolic rates above normal, between -flO and 
4-18 per cent, which for purposes of this investigation, may be con- 
sidered as of negative significance. In the large group within the 
normal range, the only cases of significance were those of mild hyper- 
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tension, one case of moderate aortic sclerosis and several cases of 
adenomatous goiter -without hj^jerthyroidism. 

In general, therefore, these investigations show that there are abnor- 
maUties in the circulatory system of the blood or in the functions of 
the skin of persons for -whom the metabolic rates determined by the 
two methods (electric potentials in the skin and gasometric) do not 
agree. Since abnormality of the circulation of the blood and of the 
functions of the skin accompanies high and lo-w metabolic rates in which 
there is marked disagreement, it is probable that such dysfunctions 
may serve as an explanation of the few instances in which the observed 
metabolic rates -within the normal range did not correspond to the 
values predicted from the measurements on the differences of electric 
potentials. 

Hyperthyroidism, as manifested by high basal metabolic rates, is 
accompanied by acceleration of the circulation of the blood, whereas 
retardation in the circulation is accompanied by h 3 ^othyroidism and 
low metabolic rates. We have made experimental tests which defi- 
nitely show the marked changes in electric potentials caused by arti- 
ficially produced changes in the normal circulation of the blood. 
Text-fig. 6 shows that there was a rapid increase in the value of the 
difference of electric potential across two chosen areas of the skin of tlie 
forearm when the circulation was temporarily cut off -with pressure 
produced in the sphygmomanometric cuff. The difference of electric 
potential returned to its former normal value quickly after the relea-'^e 
of the pressure. 

Other deductions presumably may be dra^vn from the data thus 
far obtained. An inverse correlation apparently exists between cuta- 
neous temperature and differences of electric potential. This deduc- 
tion suggests the possibility of other investigations which may be of 
clinical significance. Furthermore, there is a correlation between the 
difference of electric potentials and the metabolic rates -which seems to 
obtain imder other than basal conditions. Eating breakfast and exer- 
cise do not appear to change the relationship. Day by day variations, 
temporary emotional changes and the partaking of food seem to 
affect the predicted rates less than they affect the usual (gasometric) 
observ'ed rates. One example from several that might be cited 
clearly shows the part that emotion may play. It is that of a woman 
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whose first basal metabolic rate was recorded as —20 per cent with a 
subsequent rate of -7 per cent, whereas the rate predicted from the 
measurements on electric potentials, Formula 2, made just prior to 
the first test gave a value of —8 per cent. 

Recently we have carried on a series of investigations in which we 
obtained data on metabolic rates under other conditions than basal, 
differences of electric potentials at various periods of the day and 
under botli constant or varied environmental conditions, blood pres- 
sure, pulse rate, respiration and cutaneous temperature. The results 
and conclusions from these data concerning normal persons and persons 
presenting abnormal conditions of skin and of the vasomotor and 
circulatory systems Vidll be presented in another study, 

SUMMARY 

High metabolic rates are associated normally vnth small differences 
of electric potential, whereas low metabolic rates are associated with 
large differences of electric potential as measured on the extremities 
of the body. 

Within the normal range of metabolism there appears to be a defi- 
nite correlation between the metabolic rates and the difference of 
electric potential over a specified area of the skin, provided the person 
under test has no abnormalities of the circulatory system or of the 
fimctions of the skin. 

If there are no dysfunctions of the circulation or of the skin, the 
metabolic rate may be calculated, within ±4 points, from the 
expression 

_ log y — log 0.005 
^ “ - 0.0396 

where x is the metabolic rate and y is the difference of electric potential 
across the specified areas of skin (electrodes 12 cm. apart). 

In general, there are abnormalities of the circulation of the blood 
or of the functions of the skin of persons for whom the metabolic rates 
determined by the two methods (difference of electric potentials and 
gasometric procedures) do not agree with ±4 points. 

Manifest retardation or return to normality in the rate of circulation 
of the blood, such as may be produced by the sphygmomanometric 
cuff under varying pressures, produces marked changes in the differ- 
ence of electric potentials obtained across a specified intervening area 
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A BACTERIOLOGICAL STUDY OF INFECTIOUS LARYNGO- 
TRACHEITIS OF CHICKENS^ 

By J. R. beach, 5 D.V.M. 

(From the Dcparimoji of Aitmal Paihology of The Rockefeller Institute for Medical 
Research, Princeton, N. /-) 

(Received for publication, July 28, 1931) 

Since its first recognition in 1924 as a distinct disease of chickens, 
infectious laryngotracheitis, more commonly termed infectious brom 
chitis, has assumed a position of major economic importance to the 
poultry industry of the United States and Canada. It is not known 
to have occurred elsewhere in the world. 

From 1924 to 1926 studies of the disease were reported by Gwatkin (1) in 
Canada, May and Tittsler (2) in Rhode Island, Eriksen (3) in Missouri, Hinshaw 
(4) in Kansas, and Beach (5) in California, By these studies the infectious and 
distinct nature of the disease was established. The causative agent was foimd 
to be contained in the exudate which accumulates in the larynx and trachea of 
infected chickens but its presence in other organs was not demonstrated. Trans- 
mission to susceptible chickens was readily accomplished by intralaryngeal or 
intratracheal inoculation with exudate from the larynx and trachea of infected 
fowls. Attempts to produce the disease by subcutaneous, intravenous, intra- 
muscular, or intraperitoneal injection of tracheal exudate, however, yielded either 
entirely negative or questionable results. Efforts by ordinary bacteriological 
procedures to isolate from diseased chickens any species of bacteria with which 
the disease could be reproduced were uniformly unsuccessful. Similar results from 
studies of the disease were reported by Kemohan (6) in 1930. He also reported 
inability to produce disease with material after passage through Seitz, Berkefeld 
W, Chamberland F, or Mandler filters. 

For the studies reported in this paper chickens were infected by 
means of intratracheal injections with one or another of four strains 
of the causative agent of the disease. The original infective material 

^ The studies presented in this paper were briefly reported in Science, 1930, 72, 
633. 

^ Associate Professor of Veterinary Science and Veterinarian in the Experiment 
Station, University of California. 
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The films were usually stained with methylene blue for 24 hours and with 
Giemsa. In some instances fresh preparations were examined by dark-field 
illumination. The culture media included chicken- and horse-blood agar plates, 
chicken- and horse-blood agar slants, chocolate agar slants, chicken- and horse- 
blood broth, coagulated scrum slants, serum agar slants, and cooked beef heart. 
The last mentioned medium was the only one used in the endeavor to demon- 
strate anaerobic bacteria. Tubed media were usually inoculated in pairs, one 
sealed with wax. All plate cultures were incubated for not less than 48 hours. 
They were e.xamined both with the imaided eye and microscopically. No tube 
culture was discarded as negative until after from 10 to 20 days’ incubation and 
, after microscopic examination of stained preparations of liquid media and of the 
liquid at the base of the slant surface of solid media. In the majority of instances 
all of the types of media listed were employed. By these procedures examina- 
tions have been made of tracheal exudates of 61 chickens, of the spleens of 67 
chickens, and of the livers of 48 chickens. 

Results of Exatrimations of Tracheal Exudates . — ^In twenty-four 
instances no bacteria were observed in the stained films of the exudate. 
The films of tracheal exudate from thirty-seven chickens contained 
varying numbers of cocci and rod-shaped organisms of varying size 
but there was no form that could be regarded as predominant. No 
bacteria were seen in dark-field examinations of fresh preparations 
unless they were also present in stained preparations of the same 
material. Spirochetes, which Gibbs (7) reported to have beenpresent 
in the larynx and trachea of half of forty-two chickens with infectious 
laryngotracheitis which he examined, were not observed. 

The failure previously mentioned of a number of investigators to 
isolate any organism that could be regarded as the causative agent of 
laryngotracheitis made it evident that if the disease were due to any 
bacterium it was not one that could be readily cultivated. For this 
reason, in the examination of cultures from the tracheal exudate, 
attention was given only to minute or slowly developing colonies. 
The results obtained in cultures of the tracheal exudate of the 61 
chickens were as follows: 

In thirty-two instances (52.4 per cent) the bacterial growth in all 
cultures was so heavy and profuse that pure culture isolation was not 
attempted. In view of the exposed location of the exudate and of 
the findings in many of the films such results were to be e^q^ected. 

In seventeen instances (27,8 per cent) it was possible to pick discrete, 
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eighteen of the thirty spleen emulsions and two of the six liver emul- 
sions by the appearance of typical symptoms and lesions of laryngo- 
tracheitis in the fowls on the 3rd, 4th, or 5th day following injection. 
Bacteria were not found in any of the tissue emulsions which were 
infective. The incubation period was from 24 to 48 hours longer than 
that following inoculation vnth tracheal exudate, which was regularly 
2 or 3 days; but the character of the disease was no less severe. 

The adequate control of environmental conditions and the uni- 
formity of the results made it certain that the disease which developed 
in the chickens following the injections of emulsions of spleen or liver 
resulted from the infective properties of the material injected. Fur- 
thermore, in one experiment the inoculation of fowls separately wdth' 
emulsions of fresh and of desiccated portions of the same spleen gave 
identical results, that is to say, laryngotracheitis after an incubation 
period of 4 days. In four experiments, in each of which two chickens 
were injected with a suspension of spleen tissue, but one of each two 
became diseased. In two other experiments in which graded dilutions 
of spleen tissue were injected the causative agent was not demonstra- 
ble in dilutions higher than 1 : 10 and 1 :50 respectively. These results 
show that the causative agent is much less concentrated in spleen 
tissue than in tracheal exudate, with which infection of fowls has 
regularly been accomplished with dilutions as high as 1:100,000 or 
1:1,000,000. The fact that both negative and positive results were 
obtained with spleen tissue secured from fowls on the 2nd, 3rd, 4th, 
and 5th days after they had been inoculated, indicates that the time 
between inoculation of the fowls and removal of the spleens is not a 
determining factor of the presence of demonstrable amounts of virus 
in these organs. 

The results of these experiments with spleen and liver tissue, to- 
gether with the absence of lesions in any organs except the respiratory 
tract, indicate that the presence of the causative agent in the liver 
or spleen does not imply any real involvement of these organs. It 
seems probable that injury to the walls of the blood vessels of the 
lar3mx and trachea permits the entrance of the etiological agent into 
the blood stream and its distribution. Further evidence that laryngo- 
tracheitis is not accompanied by a general organic or systemic involve- 
ment is provided by the fact that no thermal reaction of significance 
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likewise failed. Furthermore, by the intratracheal injection into fowls 
of the scrapings of the tracheal mucosa of pigeons that were chloro- 
formed on the 5th, 8th, or 10th days after injection it was determined 
that the causative agent had not survived in the tracheas of the 
pigeons. These findings are not in accord with Kernohan’s (6) report 
of the observance of spontaneous infection with laryngotracheitis in 
sparrows and pigeons on infected poultry farms. 

Attempts have been made to transmit Iar 3 mgotracheitis to rabbits, 
guinea pigs, and white rats, by intratracheal, intracerebral, and 
intravenous injections, and to one pig by intratracheal injection of 
tracheal exudate taken from diseased fowls. The presence of the 
causal factor in the material injected was demonstrated in all instances 
by its ability to infect control chickens. None of the animals proved 
susceptible to the disease. 

SUMMARY AND CONCLUSIONS 

1 . The causative agent of infectious lar 3 mgotracheitis of chickens was 
found to be present in bacteriologically sterile tracheal exudate, 
spleens, and livers of diseased fowls. 

2. The causative agent was present regularly in the tracheal exu- 
date, in the spleens of about 60 per cent, and in the livers of about 30 
per cent of chickens with active laiyngotracheitis infection. 

3. Suspensions of the spleen and liver were less effective in inducing 
the disease than those made from the tracheal exudate. This finding, 
together with the absence of pathological changes in the spleens and 
livers would seem to indicate that they are not actively involved but 
that the causative agent is carried to them by way of the blood. 

4. The disease could, in our experience, be produced only in chickens 
Domesticated ducks and several wild and free-flying species of birds, 
including sparrows, crows, starlings, doves, and pigeons were found 
to be refractory, and so too were rabbits, guinea pigs, white rats, and 
one pig that was tested. 
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The filtration tests were made with exudate from the trachea of fowls that had 
been artificially infected with one of four strains of the disease (1). The exudate 
was weighed, thoroughl}’’ ground in a sterile mortar or by means of a modification 
of Hagan’s (3) grinding apparatus, and suspended in infusion broth or other 
diluent. The suspensions were held in the refrigerator for about 2 hours and 
were then centrifuged at high speed for 10 to 20 minutes. The supernatant fluid, 
to which was added B. prodigiosns^ was filtered by positive pressure through 
Seitz discs or by negative pressure through Berkefeld candles. The quantity oi 
suspension used, 20 to 30 cc., usually filtered in from to 1 minute and always 
within 2 minutes. The negative pressure for filtrations through Berkefeld candles 
varied from 30 to SO cm. The amount of positive pressure for filtrations through 


TABLE I 

Results of Filtration Experiment 20 



Description of filters 






Results of injections 

Filtrate 

Xo. 

Grade and No. 

Times used 

Results of H 2 O 
flow test 

Amount filtered 

Time required 

Maximum negative 
pressure 

Chicken No. 

0 

VJ 

0 

P 

Results 

Incubation period 

Days after inocu- 
lation. died or 
killed 

Amount and type 
of exudate in 
larynx and tra- 
chea 




cc. 

cc. 

1 

sec. 

cv\. 


CC. 


1 days 



20-V-3 

V-3 

9 

56 

20 

1 20 

40 

2500 

0.4 

+ 

i 3 

K-6* 

! Caseous plug 

20-N-3 

N-3 

] 

4 

68 

20 

20 

45 

2501 

0.4 

+ 

1 4 

I 

K-6 

1 Profuse; very 
hemorrhagic 

20-N-5 

N-5 

New 

61 

20 

25 

40 

2502 

0.4 

— 


— 


20-N-6 

N-6 ! 

3 

28 

20 

50 

50 

2503 

0.4 

— 

’ — 

1 — 


TJnfiltered suspension- 

“Control 


2504 

1 

0.4 

+ 

1 

1 

K-3 

Profuse; very 
hemorrhagic 


* K = Killed, the numeral giving the day after inoculation. 


Seitz discs was not measured. The unfiltered material and the filtrates wxre 
tested by the injection of small quantities into the trachea of susceptible chickens. 
Data concerning the experimental fowls, and the precautions taken to avoid 
acddental or cross-infection among them, are described in the first paper (1). 

The following protocol of filtration Experiment 20 is representative of the pro- 
cedure that was followed. 

Specimen Protocol . — Three chickens were given intratracheal injections of 
larjTigotraclieitis virus, Strain N. J. II. All exhibited marked symptoms on the 
3rd day and were chloroformed. The tracheal exudate was removed wdth aseptic 
precautions and weighed O.S gm. It was ground in a sterile mortar with 80 cc. 
meat infusion broth. The suspension was held for 3 hours in the refrigerator 
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and centrifuged at high speed for 10 minutes. A small amount of the supernatant 
fluid was removed for use in the inoculation of control fowls and a 6 hour broth 
culture of B, prodigiosus was added to the remainder. After each of two blood 
agar slants had been inoculated wnth 1 loopful of this fluid, it was divided into 
four portions of 20 cc. one of which was passed through a Berkefeld V candle and 
the other three through three different Berkefeld N candles. Blood agar slants 
were inoculated wdth 1.5 cc. of each of these filtrates and a 5 cc. portion of each 
filtrate was transferred to a sterile tube and incubated. A description of the 
filters, the results of tests for active virus in the suspension before and after filtra- 
tion, and other details are given in Table I. 

Results of Filtratioiis 

A summary of thirty-six filtration experiments, in which all four 
strains of the disease were used is given in Table II. In all but two 


TABLE n 

Summary of Filtration Experiments 


Filters 

Filtrations 

No. of filters 
that gave 

Grade 

No. used 

Virus 

1 No. attempted 

No. positive 

positive filtrates 

v 

8 

New Jersey I 



8 



New Jersey II 






California 4 






California 5 




N 

6 

New Jersey II ! 

s 


2 



California 4 






California 5 

1 1 

1 

0 


Seitz 

6 pads 

New Jersey I 

2 j 

0 




New Jersey II 

4 ! 

0 



of the experiments the tracheal exudate was suspended in bouillon; 
in those two Tyrode’s solution was used. 

It will be seen that all of the Berkefeld V filters gave positive results 
while only two of the six N’s allowed the etiological agent to pass. 
These two N’s were by the Ward and Tang test as porous as the Ws. 
Of the four filters that gave negative results one was as porous as the 
V^s while the remaining three were less porous. The results indicate 
that the passage of the disease-producing agent is in some way de- 
pendent upon the grade of the filter. 
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of these chickens had been bled before inoculation and their sera as 
well as sera from other normal chickens were used as controls. 

The first experiments were not so clear-cut as we desired and will 
not be reported in detail. In two instances there was definite neutra- 
lization but in most of the cases the onset of the disease was only 
delayed. 

In these first experiments the virus was in fresh tracheal exudate 
and was used in concentration many times greater than that needed to 
infect. The results suggested that a more careful adjustment of the 
proportion of virus to immune serum would give a definite 
neutralization. 

For further experiments one lot of desiccated New Jersey II and one of Cali- 
fornia C-5 virus were used. These two viruses were titrated in order to determine 
the amount necessary to produce disease. Mixtures of sera and virus were pre- 
pared in which the concentration of the latter was approximately ten times that 
necessary to infect. These mixtures were kept at room temperature for 2 hours 
before they were used for the inoculation of chickens. The amoimts of sera and 
virus used and the results of the inoculations are given in Table III. 

From the data given in Table III it is seen that chickens were not 
infected by the intratracheal injection of suspensions of from ten to 
100 times the minimum infective dose of N. J. II or C-5 strains of 
virus when it was mixed with an equal volume (and in one instance with 
one-tenth its volume) of serum from fowls that had recovered from 
infection with Strain N. J. II virus. The relatively long incubation 
period in the chickens that were inoculated with mixtures of serum 
diluted 1 : 10 and virus suspensions indicated that partial or transitory 
neutralization of the virus had occurred. The disease so produced 
was unmodified except for the delay in onset. The effects of injection 
of mixtures of immune serum diluted 1 : 100 and virus suspension or 
of mixtures of normal serum and virus were not different from those 
of inoculation with virus suspension alone. 

The finding that the serum of chickens that had recovered from 
infection with a New Jersey strain of virus was equally effective in 
neutralizing in vitro the New Jersey and the California strains of virus 
provides evidence of the etiological identity of the disease known as 
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Resistance to Drying 

Although few tests on the resistance of the virus to drying have been 
made they show that it withstands conditions that kill most bacteria. 

In one experiment exudate in tubes was kept in a desiccator containing calcium 
chloride at incubator temperature for 2, 4, 6, 8, and 10 days. The tubes were 
sealed with wax and stored in a refrigerator for 2 months at which time the material 
was tested and found to produce disease. 
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mSTOPATHOLOGY OF INFECTIOUS LARYNGOTRACHE- 
ITIS IN CfflCKENS 

By OSKAR SEIFRIED, V.M.D. 

{From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research j Princeton ^ N. J.) 

Plates 58 to 60 

(Received for publication, July 28, 1931) 

Since the first report of the occurrence of lar 3 rngotracheitis by May 
and Tittsler (1), this disease has been studied and described in various 
parts of the United States by Eriksen (2), Hinshaw (3), Beach (4), 
Graham (5), and Kemohan (6), They have dealt with the clinical 
symptoms, the gross pathological findings, and the infectious agent, 
which has been definitely proven by Beach (7) to be a filtrable virus. 
No histological study has been published. It is the purpose of this 
paper to report such studies, which were started m January, 1930, and 
continued in close collaboration with the etiological and experimental 
work of Beach. 

Material 

The material consisted of thirty cases of laryngotracheitis, of which 
fourteen were experimental and sixteen spontaneous field cases. Some 
of the fowls were killed with chloroform between 6 hours and 7 days 
after inoculation while others died in various stages of the disease. 
The field material and the virus with which fowls were inoculated 
experimentally were obtained from both New Jersey and California 
outbreaks. 

Animals were inoculated intratracheally, intranasally, into the eye, 
or into the cleft palate. A few were allowed to contract the disease 
through contact with infected chickens. The disease picture was the 
same after all types of inoculation except into the nasal fossa, the eye, 
and the cleft palate. Infection by these routes led to the development 
of a more or less marked discharge from the nose, eyes, or cleft palate in 
addition to the typical laryngotracheitis. 
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of birds in which occlusion of the trachea or bronchi caused death by asphyxiation, 
small hemorrhages were found in the cpicardium, 

Eisiology 

Larynx and Trachea ,— to 72 hours after inoculation the predominant picture 
is a more or less marked edema and cellular infiltration of the tunica propria and 
the submucosa (Fig* 1). In some of our eases the edema of the mucous membrane 
causes an entire disarrangement of its normal structure (Fig. 2) . The inflammatory 
process may even spread into the adventitia. One of the most noticeable lesions is 
the presence of small hemorrhages around smaller vessels of the propria mucosa 
and submucosa or such an extravasation of the red blood corpuscles that the 
mucosa and submucosa arc completely separated from each other. A few red blood 
corpuscles also occur throughout the upper part of the edematous mucous mem- 
brane and even appear on its surface. In view of the negative histological findings 
in the walls of the blood vessels in these early stages, one is led to believe that the 
escape of cells is due to rupture of smaller vessels of the submucosa caused by 
violent coughing and respiratory efforts or possibly by diapedesis. 

In later stages of the disease (3 to 7 days after inoculation) the lesions in the 
lar>Tix and trachea are characterized by a dense cellular infiltration in both tunica 
propria and submucosa (Fig. 3), From the comparative study of a number of 
cases it becomes evident that the larynx as a rule shows more infiltration than the 
trachea and bronchi, While in some of the cases the normal structure of the 
mucous membrane and the mucous glands can still be recognized, in the majority 
there is such a dense infiltration that the epithelial elements become more or less 
dislocated and destroyed. 

The greater number of the infiltrating cells are small lymphocytes, with histio- 
cytes, and a few plasma cells. The proportion of the different kinds varies; while 
in some cases the lymphocytes are most numerous, the histiocytes predominate in 
others. Eosinophilic leucocytes, present normally in the trachea of chickens, may 
be increased in number. Mitotic figures indicate a slight increase of the connective 
tissue elements. In sections impregnated by Bielschowsky-Maresch’s silver 
method, connective tissue fibers are found to be increased. The fibers are swollen 
and sometimes broken as a result of the enormous edema. The same is true of the 
elastic tissue fibers. The blood vessels show no distinct and regular lesions except 
for a more or less marked swelling of the endothelial cells and a change in the 
chromatin structure of their nuclei. In some cases retrogressive changes are found 
in the connective tissue cells of the submucosa, which may contain small fat drop- 
lets in their protoplasm and nuclei. This degenerative process does not usually 
reach a high degree during the first 5 days after infection. Older cases, however, 
requently show actual necrotic foci in the subraucosa and tunica propria with a 
general hyperchromasia, pycnosis, and karyorrhexis of nuclei, and fatty degenera- 
ion o cells including those of the various infiltrating elements. In these late 
cases an sometimes also in earlier ones, a marked proliferation of endothelial cells 
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stratcd in the exudate. In a number of eases the exudate consists of degenerated 
cells and sometimes real necrosis is seen. In instances with marked infiltration of 
the mucous membrane exudate may be entircl}’’ lacking. 

Lungs and Bronchi. — The changes in these organs arc usually restricted to the 
bronchi and the tubules. The bronchitis, which is almost always present, varies in 
degree and is often associated with a peri- and parabronchitis. The lesions resem- 
ble those in the larynx and trachea but very seldom are as marked. The bronchial 
exudate is largely made up of the same elements and shows the same variations as 
that in the trachea. Sometimes bronchiectasis is present. In addition to these 
lesions, in almost all cases there occurs marked congestion indicated by an extreme 
filling of the capillary network of the lungs and a more or less pronounced edema 
(Fig. 4). Scattered around the hemorrhages in the bronchial wall and in the con- 
gested areas are groups of hemin crystals either in the tissue or included in various 
cellular elements. 

These lesions in the lungs and bronchi seem to be more extensive in the spon- 
taneous disease than when it is artificially produced. In a few cases a true pneu- 
monia is present in the tissue surrounding the affected bronchi. In addition more 
profuse hemorrhages and larger foci of necrosis are found in the lung parenchyma, 
often walled off by fibroblasts. In many cases numerous foreign body giant cells 
are found among the fibroblasts (Fig. 5) . 

Nasal Cavities and Communicating Sinuses. — The lesions in the nasal passages 
and the communicating sinuses vary considerably. In general, they are analogous 
to those previously described in the trachea (Fig. 6). Lesions due to bacterial 
infection are just as rare as in the trachea and bronchi. 

Eyelids and Eyes. — In natural and experimental cases with involvement of the 
eyes, the eyelids show the same inflammatory process as the trachea. No lesions 
are present in the other parts of the eye. 

Alimentary Tract. — The small yellowish membranes frequently seen in various 
parts of the cavity of the mouth are necrotic areas, sometimes very superficial, 
sometimes destroying the entire epithelial layer of the mucous membrane. Num- 
erous clumps of bacteria are found which are probably the cause of the lesions. 
They occur in a number of other diseases, and hence cannot be considered charac- 
teristic of the infection under discussion. 

The esophagus, proventriculus, and intestinal tract are free from lesions except, 
in a few cases, for a slight enteritis which does not seem to be specific. 

Spleen. — The spleen when enlarged shows a hyperplasia without any other 
particular or characteristic lesions. 

Livery Kidney y and Heart. — In practically all of our cases we found in the liver 
more or less marked infiltrations with round cells and eosinophilic leucocytes, and 
sometimes proliferations around blood vessels and gall ducts.. The kidne 3 ^s exhibit 
in a few cases small hemorrhages and infiltration with round cells without signifi- 
cant changes in the glomeruli, convoluted and collecting tubules. In a few cases 
the same type of infiltration is encountered in the interstitial tissue of the heart 
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muscle. It is impossible to establish anj' relationship between these lesions and 
the activity of the virus of infectious laryngotracheitis, because lesions of the same 
kind occur in the kidnej's and heart of “normal” chickens.. 

The remaining organs are free from lesions. 

Intranuclear Inclusions in Epithelial Cells of the Respiratory Tract 

In early stages of infectious laryngotracheitis characteristic intra- 
nuclear inclusions and nuclear changes could be demonstrated in the 
epithelial cells lining the mucous membrane as well as in those of the 
mucous glands of the trachea, and less frequently in those of the nasal 
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Text-Fig. 1. A drawing of four nuclei of tracheal epithelial cells, (a) Nucleoli; 
(/)) nuclear membrane; (c) intranuclear inclusions showing argentophilic granules 
of various sizes and arrangement. Klarfeld’s tannic acid and silver impregnation. 

passages (9). They appeared to be characteristic of the disease. In 
some instances smaller acidophilic bodies were shown in otherwise 
unchanged nuclei, but usually the nuclei showing the typical changes 
exhibited a more or less marked enlargement and hyperchromasia of 
the nuclear membrane, which caused it to appear sharply outlined. 
These inclusions, homogeneous in appearance, were usually situated 
centrally, and occupied a large part of the nucleus (Fig. 7, Text-fig. !)• 
They were usually' round or oval, sometimes long and sausage-shaped, 
and occasionally had the form of a diplococcus. d'hey were sharply 
outlined and took a pink stain with Giemsa’s stain, while they stained 
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red vn\h methylene blue-phloxin, hematoxylin-safranin, Goodpasture’s 
fuchsin-methylcnc blue, and Gerlach’s stain for Negri bodies. The 
nudeoli, of which these cells generally possessed one to three, were 
located peripherally, often attached to the nudear membrane, and 
stained very intensely \dth basophilic stains. Another striking and 
characteristic feature was that the space between the nuclear mem- 
brane and the inclusion remained entirely unstained (Fig. 7, Text-fig. 1). 
They appeared as early as 12 hours after inoculation and more often 
occurred in all of a group of epithelial cells than in a single one. The 
protoplasm of the cells showing them stained ver>'' slightly, was more or 
less vacuolated, and the cell boundaries vrere no longer distinguishable 
(Fig. 7). The appearance and size of the intranuclear bodies as well 
as the changes in the nuclei bore a close resemblance to those described 
in herpes, varicella, virus III of rabbits, and submaxillary gland disease 
of guinea pigs (10). The precise character of the intranuclear acido- 
philic substance has not been ascertained. It did not stain with 
the fat stains or give the iron reaction, but it showed a slightly positive 
Feulgen reaction for thymonucleic acid (11). In using various silver 
stains numerous small argentophilic granules could be revealed inside 
the inclusions (Text-fig. 1). It is a striking fact that in many in- 
stances the affected nuclei underwent dissolution. We have not ob- 
served similar changes of epithelial cells in other diseases involving the 
same structures, such as A-avitaminosis, coryza contagiosa, and fowl- 
pox (12, 13). Since the same typQ of intranuclear inclusions and 
nuclear changes are present in other virus diseases, we feel justified in 
considering them a result of virus activity in the epithelial cells of the 
trachea and lar 3 mx. 


DISCUSSION 

In spontaneous and experimentally produced cases of larjmgotra- 
cheitis the lesions are most pronotmeed in the lar 3 mx and upper part 
of the trachea. Because the histological findings correlate with the 
clinical symptoms and the gross anatomical picture, we believe that the 
name ''infectious laryngotracheitis,” as used by Graham, is most truly 
descriptive and should therefore be adopted. Our findings indicate 
furthermore that the involvement of the nasal passages, communicat- 
ing sinuses, and eyelids depends upon the mode of infection and the 
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muscle. It is impossible to establish anj' relationship between these lesions and 
the activity of the virus of infectious laryngotracheitis, because lesions of the same 
kind occur in the kidne 3 fs and heart of “normal” chickens. 

The remaining organs are free from lesions. 

Intranuclear Inclusions in Epithelial Cells of the Respiratory Tract 

In early stages of infectious laryngotracheitis characteristic intra- 
nuclear inclusions and nuclear changes could be demonstrated in die 
epithelial cells lining the mucous membrane as well as in those of the 
mucous glands of the trachea, and less frequently in those of the nasal 
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Text-Fig. 1. A drawing of four nuclei of tracheal epithelial cells, (a) Nucleoli; 
{h) nuclear membrane; (c) intranuclear inclusions showing argentophilic granules 
of various sizes and arrangement. Klarfeld’s tannic acid and silver impregnation. 

passages (9). They appeared to be characteristic of the disease. In 
some instances smaller acidophilic bodies were shown in otherwise 
unchanged nuclei, but usually the nuclei showing the t^'^pical changes 
cxliibitcd a more or less marked enlargement and hyperchromasia of 
tlic nuclear membrane, which caused it to appear sharply outlined. 
These inclusions, homogeneous in appearance, were usually situated 
centrally, and occupied a large part of the nucleus (Fig. 7, Text-fig. 1). 
They were usually round or oval, sometimes long and sausage-shaped, 
and occasionally had the form of a diplococcus. They were sharply 
outlined and took a pink stain with Giemsa’s stain, while they stained 
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red ydth methylene blue-phloxin, hematoxylin-safranin, Goodpasture^s 
fuclisin-mctliylcne blue, and Gerlach^s stain for Negri bodies. The 
nucleoli, of which these cells generally possessed one to three, were 
located peripherally, often attached to the nuclear membrane, and 
stained very intensely with basophilic stains. Another striking and 
characteristic feature was that the space between the nuclear mem- 
brane and tlie inclusion remained entirely unstained (Fig. 7 , Text-fig. 1). 
They appeared as early as 12 hours after inoculation and more often 
occurred in all of a group of epithelial cells than in a single one. The 
protoplasm of the cells showing them stained very slightly, was more or 
less vacuolated, and the cell boundaries were no longer distinguishable 
(Fig. 7). The appearance and size of the intranuclear bodies as well 
as the changes in the nuclei bore a close resemblance to those described 
in herpes, varicella, virus III of rabbits, and submaxillary gland disease 
of guinea pigs (10). The precise character of the intranuclear acido- 
philic substance has not been ascertained. It did not stain with 
the fat stains or give the iron reaction, but it showed a slightly positive 
Feulgen reaction for thymonucleic acid (11). In using various silver 
stains numerous small argentophilic granules could be revealed inside 
the inclusions (Text-fig. 1). It is a striking fact that in many in- 
stances the affected nuclei underwent dissolution. We have not ob- 
served similar changes of epithelial cells in other diseases involving the 
same structures, such as A-avitaminosis, coryza contagiosa, and fowl- 
pox (12, 13). Since the same type of intranuclear inclusions and 
nuclear changes are present in other virus diseases, we feel justified in 
considering them a result of virus activity in the epithelial cells of the 
trachea and larynx. 


DISCUSSION 

In spontaneous and experimentally produced cases of laryngotra- 
cheitis the lesions are most pronounced in the larynx and upper part 
of the trachea. Because the histological findings correlate with the 
clinical symptoms and the gross anatomical picture, we believe that the 
name “infectious laryngotracheitis,’’ as used by Graham, is most truly 
descriptive and should therefore be adopted. Our findings indicate 
furthermore that the involvement of the nasal passages, communicat- 
ing sinuses, and eyelids depends upon the mode of infection and the 
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course of the disease. The virus, which has thus far in Beach’s investi- 
gations proven pathogenic for chickens only, seems to possess a distinct 
organ selectivity, being limited in its activity to the mucous mem- 
branes of the respiratory tract. Though it occasionally enters the 
blood stream it does not lead to characteristic lesions in other tissues. 

As in many otlier virus diseases, the agent producing infectious 
laryngotracheitis causes an inflammatory process mth edema or cellu- 
lar infiltration, followed by retrogressive changes and a certain amount 
of proliferation. The course of the disease is so rapid that it is ex- 
tremely difficult to determine precisely the location and the character 
of the primary injury and to follow the development of the lesions and 
the order of their occurrence. This difiiculty is rendered still greater 
by the complexity of the mucous membrane of the respiratory tract. 
By a careful study of cases killed 6, 12, and 24 hours after intratracheal 
inoculation with a small dose of virus, it has been found that lesions 
of the surface epithelium may be present without notable changes in 
the submucosa. Films made with the mucus covering the mucous 
membrane of the trachea in these cases show a great many desqua- 
mated epithelial cells with various kinds of degeneration. Red blood 
corpuscles are also found in films from the mucous membrane of these 
cases. The conclusion seems justified that the virus attacks the epi- 
thelial cells first, penetrating afterwards to the submucosa. The in- 
flammatory process occurring in this layer is of such severity as to 
constitute the predominating phenomenon. The destruction taking 
place later in the disease can be attributed not only to the virus but to 
mechanical pressure from edema, accumulations of infiltrating cells, 
or hemorrhages ; and occasionally to the presence of secondary invaders. 

The finding of intranuclear inclusions resembling those in herpes, 
varicella, virus III of rabbits, and submaxillary gland disease of guinea 
pigs, adds another disease to those in which such forms are associated 
with viruses. In laryngotracheitis they are present only in the earlier 
stages of the disease, which may be considered evidence in favor of 
their relationship to the virus. 

SUMXLfVRY AND CONCLUSIONS 

1. The characteristic lesions of infectious larjmgotracheitis are ordi- 
narily restricted to the respiratory tract and are most pronounced m 
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the larynx and trachea. Sometimes the eyelids are affected. A cer- 
tain percentage of the cases are associated with bronchitis and peri- 
bronchitis, pneumonic areas and hemorrhages in the lung, while the 
involvement of the nasal passages, communicating sinuses, and eyes 
seems to be dependent upon the mode of infection and the course of 
the disease. 

2. The virus affects the epithelial cells primarily, but soon inflamma- 
tion develops in the submucosa and underlying parts. Edema is often 
extremely pronounced in the submucosrfl The destruction taking 
place at later stages is due to edema, cellular infiltration, and hemor- 
rhages, and in some instances to secondarily invading bacteria. 

3. Characteristic intranuclear inclusions in the epithelial cells of 
the trachea are present in many cases. They bear a close resemblance 
to the inclusions occurring in herpes, varicella, virus III of rabbits, and 
submaxillar},’' gland disease of guinea pigs. 
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EXPLANATION OF PLATES 
Plate 58 

Fig. 1. Cross-section through trachea of a chicken killed 2^ days after intratra- 
cheal inoculation. Infiltration of the submucosa and mucosa, thickening of 
epithelial layers, and proliferation and degeneration of cells at the surface. Hema- 
toxylin-eosin. X136. 
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Fig. 2- Cross-section through trachea of a chicken killed days after intratra- 
cheal inoculation. Destruction of the surface epithelium, marked edema and slight 
infiltration of the entire mucous membrane, separation and destruction of glands. 
Hematoxylin-eosin. X 136. 

Fig. 3. Cross-section through larynx of a spontaneous case. Round cell infil- 
tration and enormous thickening of the mucous membrane. Destruction of the 
surface epithelium and that of the glands. Hematoxylin-eosin. X 136. 

Plate 59 

Fig. 4. Lung from chicken dqad 6 days after intratracheal inoculation. Bron- 
chitis and edema. Hematoxylin-eosin. X 180. 

Fig. 5. Necrotic hemorrhagic focus in the lung walled off by the formation of 
fibroblasts and giant cells. Chicken dead of spontaneous disease. Hemotoxylin- 
eosin, X 184. 

Pl.\te 60 

Fig. 6. Turbinate. 4 days after inoculation into cleft palate. Inflammatory 
process of the nasal mucosa. Hematoxylin-eosin, X 184. 

Fig. 7. Group of tracheal epithelial cells from a spontaneous case. A large pro- 
portion of the nuclei contain characteristic inclusions. In some of such nuclei 
the nucleoli are attached to the nuclear membrane. Giemsa stain. X 1000, 
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• 

From the results of numerous investigators who used methylene blue 
in the study of the nature of cell combustions we. know at present 
that this dye can accomplish or increase oxidations in various bio- 
logical systems. 

Thunberg (1) and Ahlgren (2) observed the reduction of methylene' blue by 
washed muscle to which were added a great variety of organic substances, and 
they explained this reduction by the discharge of “activated hydrogen” from the 
substrates. Later on, von Szent-Gyorgyi (3) and Fleisch (4) independently showed 
that the reduced dye can give up this hydrogen to molecular oxygen and thereby 
establish “the bridge between activated hydrogen and oxygen.” 

The mechanism of biological oxidations with methylene blue has been explained 
quite differently by Warburg (5). From the study of the oxygen consumption 
of red blood cells treated with methylene blue he concluded that the dye probably 
acts by bringing the oxidizing agent proper, which is an iron compound, to a higher 
level of oxidation, in which state only, it can and does oxidize the substrate present. 

Methylene blue can be supposed to act, by whatever mechanism, by keeping 
one of the factors of normal cell oxidation in a higher state of activity. The ques- 
tion then arises whether this factor can be induced to greater activity in a normal 
cell. In other words, can methylene blue increase the oxygen consumption and 
metabolism of normal cells, tissues or organisms? 

W. Palladin and his coworkers (6) studying the effect of methylene blue on the 
respiratory exchange of plants, found that the CO 2 production of etiolated stems 
of Vida faba was increased up to 107 per cent when they had been colored by 
methylene blue. The observed stimulation was less with stems of Pisiim sativum 
and almost negligible in the case of seeds. 

In 1921 C. Heymans and E. Maigre (7, 8) found that the injection of methyl- 
ene blue intravenously in dogs was followed by a marked rise in body temperature, 

* The work was carried out under a grant to Professor P. A. Shaffer, from the 
Science Research Fund of Washington Universit 3 \ 

827 



S28 

^^^THYLEKe blVjt' r, 

^^ UE , Body heat 

«'e appearance of a„ ■ ’ 

y C.Heymans “f “ l.'pical hvoert) 

value. The dn M'ere botli n • ^^crease in m 

3sgr;:;:;;;:f::^;«^^^ 

increased ^‘^P^anation of i and rrJvrr. , 

A. iwT'a”,!'’''”™™ tte .vir as ft?®' *P«te™ in 

Hoyraan! st °; ^^ita (11) t?r °' ’’‘Woned by !?» ?'’*'’“““ »( the 

fhebv , "''“■•'■''® aanre ,0 be aL?'™""^’ «a»lts. C. 

'< occurs’it dt of melbvl '•''Po«l»mii 2 ms «itl,' 

:Ss33:r:f"*— 

SS^:~3S;=:^;SS 

it. tte ont '"' "ot increase ?• "'"“"aal tissnes'^B? ” «®aits 

do nor rat and r . «scd tissunT! reconciled? If 



P. E. GREGOIRE 


829 


rat by injecting methylene blue the logical conclusion would be that the hyper- 
thermia is not due to direct action on the cell. If no rise in metabolism can be 
produced in the rat, the rise occurring in the dog would take on a new significance, 
which would make desirable further study of isolated dog tissues. 

The experiments here reported show that methylene blue injected 
intravenously in sufficient doses in the white rat may cause either a 
rise or a fall of body temperature, and may or may not bring about a 
transitory rise of total metabolism, depending chiefly on the external 
temperature. By the argument above stated, it may be concluded 
that this effect of methylene blue is probably not the result of direct 
catalytic action of the dye upon cellular oxidation, but is due to in- 
direct disturbance of thermoregulation, and, doubtless, of other 
functions of the organism. 

Description of the Experimeiits 

The white rats used as experimental animals were not under 150 gm. of body 
weight and fasted for 24 hours. Three different doses of methylene blue were used, 
a single injection being given each animal. The controls received 1 cc. per 100 
gm. of body weight of 0.72 per cent NaCl solution. The experimental animals 
received the same relative amount of NaCl solution in which was dissolved 0.5, 
0.4 or 0.25 per cent of methylene blue. These concentrations corresponded to 50, 
40 and 25 mg. of dye per kilo of body weight. The solution was made up a few 
minutes before the injection by dissolving the methylene blue through a small 
filter paper by pouring on warm NaCl solution and making up to volume. Before 
injection the temperature of solution was brought to 38°C. The dye used was a 
sample, u.s.p. medicinal, from the National Aniline and Chemical Co., and was 
recrystallized once from water. 

Rectal temperatures were taken using a small certified rectal thermometer, 
pushed in always to the same point and held in place for 3 minutes. 

In studying the influence of methylene blue on the respiratory exchange the 
general procedure was as follows. The animal was lightly anesthetized with 
ether and the femoral vein exposed. The incision was then closed with wound 
clips. At least 1 hour afterwards the rat was subjected to a measurement of its 
respiratory exchange by the Haldane method (18) over a period of 2 hours. This 
period is referred to as “Period I.” Next, the animal was fastened in dorsal 
position to a board, the clips were removed and methylene blue was injected slowly 
through a fine needle into the femoral vein. The incision having been closed 
again, the respiratory exchange was measured over another 2 hour period, men- 
tioned in the tables as “Period H.” Sometimes the metabolism was determined 
over a third period. 
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agitation, the chamber was dosed, when the activity began to subside, and 
weighed again* A new absorption train was connected with it and the metabolism 
taken over 2 hours, counting from the new starting pomt. In cases in which the 
amount of time lost is large, h hour, the values for the metabolism do not 
represent the immediate effect of the dye. Low values are obtained since the 
action of the dye is transient. Muscular activity also may cause delay in weighing. 

The second difficulty is to maintain the constancy of temperature in the cham- 
ber, This temperature has a tendency to rise while the animal chamber is being 
weighed. When the chamber was interposed in the ventilation dreuit the aera- 
tion, together with a current of air directed upon it, quickly lowered the tempera- 
ture, wffich could then be considered constant, except for a few minutes following 
the weighing. 

In some cases, however, it was not possible to cool the chamber to the tempera- 
ture of the period before the injection. The metabolism period was then con- 
tinued at this higher temperature which in some experiments differs from the pre- 
ceding one as shown in the tables. Inspection of the variation in metabolism 
obtained in the second period shows, however, that this difference cannot be 
accounted for by the difference in environmental temperature alone. The reader 
is referred to the studies on metabolism of the white rat by K. Goto (19), and 
lately by F. G. Benedict and G. McLeod (20) . For temperatures increasing above 
28°C., the former found an average increase in metabolism of 5.1 per cent per 
degree. Benedict and McLeod found the metabolism above 28° C. to be essen- 
tially constant. Goto’s measurements go up to 33° C., Benedict and McLeod’s 
up to 31.7°C. 

No error resulted from a difference in temperature at the beginning and at the 
end of a metabolism period, except in cases in which the chamber, after the methyl- 
ene blue injection, could not be cooled, as explained above. With our chamber 
the error thus introduced is of the order of 0.5 mg. for a difference of 1°, below 
the accuracy attained in the weighings. It has not been taken into account. 

The last point to be considered is the variation of the water vapor tension in the 
metabolism chamber. After the animal has been injected with methylene blue, 
as a feature of the hyperthermic reaction there occurs a large increase in water 
output either through the lungs or from the vaporization of saliva. At a certain 
moment the water vapor condenses on the walls of the chamber and in the outlet 
tube. This condensation can hardly be prevented by increasing the rate of venti- 
lation unless beyond the rate at which absorption of CO 2 and water is complete. 
This increased water tension causes an error in determining the loss of weight of 
the chamber which is very difficult to estimate for every single experiment. It 
occurs only in experiments where 50 mg. of methylene blue per kilo are injected 
and in which the increase in metabolism is high. An upper limit of the error can 
be obtained by calculating the volume of water vapor present in the chamber, 
knowing its temperature and the tension of water vapor at this temperature. The 
water drives out an equal volume of air and the weight of the latter is the error 



832 


METHYLENE BLUE, BODY HEAT, AND METABOLISM 


introduced in the final weigliing of the chamber. To give an e.tample, in Experi- 
ment IV, reported in Table I, the error would be maximal and the figure for oxj’- 
gen consumption in Period II about 6 per cent too low. 

But the error is certainly less since the air after the preliminary ventilation is 
not quite dry and because it is doubtful whether it still becomes saturated at the 
end of the metabolism period when the animal’s reaction has to a large extent sub- 
sided. Finally, the correction would apply only to experiments where 50 mg. of 
methylene blue per kilo were injected and when the injection was followed by a 
high rise in metabolism. 

For these reasons we have not introduced any correction on account of water 
vapor. In cases showing a high increase in metabolism, the oxj^gen consumption 
after injection of methjdene blue is probably somewhat greater than indicated by 
the figures. 

The Haldane method was used as described above in the experiments conducted 
at 28°C. or above. For the experiments performed at 23.5°C. the technique was 
modified. They were carried out in the early summer and it was necessary to 
immerse the chamber in ice water. The chamber was larger and provided with 
an inner lining of cardboard to prevent direct contact of the animal Avith the cold 
wall. The wire screen on which the animal rested was likewise replaced by card- 
board. The absorption train was as usual but only COo output was determined, 
the correctness of the absorption being checked bj'^ weighing the control bottles. 
Measurements w'ere performed on two series of animals, one injected with methyl- 
ene blue, the other with NaCl solution, after thej'^ had been kept in the chamber 
for 1 hour, in order to allow the metabolism to reach a stable level. 

The Action of Methylene Bine on the Body Temperature and the Respira- 
tory Exchange of the White Rat 

The effect of methylene blue on the respiratory exchange and body 
temperature is shown in the tables. Figures for oxygen consumption 
and COo production represent grams per hour and per kilo of body 
weight. 

Table I gives the results obtained with 50 mg. of dye per kilo, for 
temperatures from 28° to 31.5°C. It can be seen that the increase 
in metabolism noted after the injection is very variable but that, the 
higher the temperature of the animal chamber, the more marked is 
the effect. This is best brought out by comparing the experiments 
conducted at 2S°C. with those at 31.5°C. The average increase in 
Oo consumption in Experiments V, VII and VIII (at 28°) is 16.3 per 
cent, whereas the same average of Experiments IV, X and XI (at 
31.5°) is 54.5 per cent. The individual variations are very marked 
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and the per cent increase in metabolism does not seem to be closely 
related either to the initial level or to the temperature to which the 
animal is exposed. 



renpeRRTURS^ 'c. 

Chart 1. Showing CO 2 output at various environmental temperatures 


Table II shows some results obtained with doses of 40 and 25 mg. of 
dye per kilo. The effect of the 40 mg. dose is likewise dependent on 
the environmental temperature. Injections of 25 mg. per kilo have 
but little effect which does not increase with temperature. 
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Table III gives the figures for the controls. It can be seen that the 
injection of NaCl solution has no significant effect. 

The significance of the results appears clearer when only the abso- 
lute values for O 2 uptake and CO 2 production before and after the in- 
jection are considered. In Chart 1, the values for CO 2 output ob- 
tained in the experiments with 50 and 25 mg. of methylene blue per 
kilo have been plotted against the chamber temperature at which the 
measurement was made. Only figures for “second periods” have 
been plotted to picture the behavior of the controls. 


TABLE rv 

Experimenls at 23.5°C. 


Dose of Methylene Blue: 50 Mg. per Kilo 


Sex 

Body weight 

Transition period 

COj per kilo 
and per hr. 

1 Rectal temperature 

Before 

After 

A. Controls 



hrs. 

gm. 

•c. 

•c. 

f. 


1 

3.07 

36.9 

37.0 

m. 


1 

2.87 

36.4 

36.6 

m. 

226 

1 

2.83 

36.7 

36.7 

m. 

170 

1 

3.41 

36.9 

37.8 


B. 

Injected with methylene blue 


f. 

170 

1 

3.23 

36.9 1 

34.0 

f. 

212 

1 

2,62 

36.3 

— 

m. 

186 

1 

2.79 

36.7 

35.0 

m. 

234 

1 

2.31 

37.1 

32.8 


There is a definite relation between the temperature and the abso- 
lute level which the metabolism reaches after the injection. The 
active dose of methylene blue is 50 mg. per kilo. At 28°C. or above, 
it raises the average respiratory exchange, and the more so, the higher 
the temperature. 

The three experiments conducted above 32°C. with the high dose of 
methylene blue gave results indicated on Chart 1 by crosses surroimded 
by circles. The rise in metabolism is quite high in these cases. It 
must be said, however, that the measurements only extended over a 
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period of about 30 minutes. At these temperatures the injection of 
the dye is rapidly fatal. Since we cannot strictly compare these 
results with the others they have not been included in Table I. 

The results obtained at 23.5°C. are given in Table IV and have also 
been represented on Chart 1. At this temperature there is no hyper- 
metabolizing effect from the dye injection. Methylene blue rather 
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Chart 2 


seems to depress the metabolism of the experimental animals as com- 
pared with the controls. 

The tables also give the variations of the body temperature. Typi- 
cal results are obtained with the higher dose of dye. It can be seen 
that at higher temperature it is hyperthermizing but at 29.5°C. and 
below, it constantly causes a fall in body temperature. To illustrate 
the hypothermizing action of methylene blue in high doses at “room 
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temperature” a few temperature curves are given in Chart 2 referring 
to animals which were injected with 50 mg. of methylene blue per kilo 
and kept in the laboratory, the room temperature varying from 26° 
to 24°C. 


Experiments with Methylene Blue and Oxygen 

It is shown by the e.xperiments of J. A. Campbell (21) that, when 
breathing oxygen at a partial pressure higher than in air, the oxygen 
tension in the tissues is increased. Hence, there was a possibility 
that the hj^jermetabolizing action of methylene blue could be en- 
hanced by ox}’-gen at high tension. It may be recalled, however, 
that high oxygen tensions have been shown not to modify the metab- 
olism of vertebrates. This is agreed upon by several investigators. 
(Quoted in (22).) 

In our experiments the metabolism was taken in the way described except that 
oxygen from a tank was made to pass through the apparatus at a pressure slightly 
above atmospheric, and at the usual rate. The animal chamber was weighed 
after a preliminary ventilation of 10 minutes before, and again at the end of each 
period; i.e., it was always weighed filled with ox>^gen. The absorption bottles 
w’ere aerated for 15 minutes with CO 2 and HzO-free air before the final weighings. 
Hence, they were weighed filled with air. Blank trials showed that without animal 
the different parts of the apparatus did not vary in weight. The animals were 
subjected to a first measurement in oxygen, then injected with the dye (or with 
NaCl solution, if they were controls) and again their metabolism was taken in 
oxygen. 

The results on injection of 50 mg. of dye per kilo were inconsistent. 
Those obtained with 25 mg. per kilo show clearly that the level of 
metabolism induced by methylene blue is not raised by oxygen. The 
values for CO 2 output after administration of the 25 mg. dose have 
been indicated on Chart 1. 

The experiments led to a curious observation. It is long known 
that breathing pure oxygen is fatal to vertebrates, usually in several 
days, at least with larger animals. The cause of death is pulmonary 
congestion and edema. References to this point are found in Binger 
ei al (22). 

When rats were kept in the chamber with a suflficient stream of 
oxygen going through, to which some moisture had been added, they 
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were found to be still alive after 24 hours, while animals injected with 
methylene blue invariably died in about 10 hours. Lorrain Smith 
(23) states the time in which pure oxygen at 1.3 atmosphere pressure 
killed mice as varying around 60 hours. 

Postmortem examination showed incompletely collapsed lungs 
which seemed edematous and showed extensive red areas, very 
different from the normal yellowish pink color. Our thanks are due 
to Dr. H. A. McCordock, who examined the organs histologically. 

Two animals were injected with methylene blue and one of them 
was kept in oxygen. This animal showed a widespread pulmonary 
edema. The alveoli were filled with coagulated albuminous fluid. 
The capillaries of the alveolar walls were congested, and the lymphatic 
vessels of the interstitial tissue dilated and filled with edematous 
material. There were no changes in the other organs. The control 
animal showed no pulmonary edema. The capillaries were con- 
gested. The adventitia of many blood vessels appeared swollen and 
edematous.^ 

Edema and consolidation of the lungs caused death in animals e.x- 
posed to high oxygen tension in Lorrain Smith’s experiments. Appar- 
ently this process is speeded up considerably by methylene blue. 

DISCUSSION 

From the results obtained it may be concluded that, at least in the 
white rat, methylene blue is either hyperthermizing or hypothermiz- 
ing, all depending on the temperature of the environment. 

The dye is not very h 3 TDerthermizing. Only in the experiments 
conducted at 30.5°C. and higher did a rise in body temperature occur 
which, with the exception of one case (Experiment IX of Table I), 
did not exceed 0.6°C. Practically, it may be said that 30.5° to 31.5°C. 
is the range of outside temperature at which methylene blue does not 
cause a significant change in body temperature. In an environment 
above 32.5°C., the rise in body temperature is very rapid and high, 
and deatli of the animal occurs in about § hour. As has been said 
before, these e.xperiments have not been included in Table I. It may 
be said here that at the moment they died the rats were found to have 
a rectal temperature of 41.1°C., and in one case 41.6°C. 

* The terms of this description are taken from Dr. McCordock’s report. 



P. E. GREGOmE 


843 


The hyperthermia caused by methylene blue is, therefore, by no 
means as marked as that which Heymans and Maigre observed in 
dogs. On the contrary, methylene blue at 29.S°C. and below is 
definitely h)rpothermizing. 

The control animals also showed variations in body temperature 
which is conceivable since the temperature regulation in the white 
rat is by no means efficient. The action of methylene blue on the body 
temperature of the white rat may, therefore, best be stated as follows: 
While a normal animal, after having stabilized its body temperature 
at a level depending on the environmental temperature, is able to 
maintain this level, an animal injected with an effective dose of methy- 
lene blue is unable to do so, outside of a very small interval situated 
around 31°C. 

The variation in body temperature depends, of course, on the 
balance between heat production and heat loss, the latter being accom- 
plished in the rat through radiation and thermal polypnea. Methy- 
lene blue, therefore, must act upon the mechanisms of heat loss re- 
gardless of the metabolism level. At 28°C., respiration is accelerated 
and emission of water vapor is increased beyond the actual need. At 
lower temperature (23.5®C.), methylene blue does not interfere much 
with the compensatory heat production. Respiration is accelerated 
for a short time. Whether any increase in water output occurs, we 
have not been able to ascertain but it seems quite probable. It must 
be said that at this temperature the action of the dye is much more 
transient, and this probably explains why, in these cases, the fall in 
body temperature is not as marked as might be expected from what is 
observed at 28°C. 

We have no evidence that the increase in metabolism caused by 
methylene blue is due to increased carbohydrate oxidation. No 
significant changes in the respiratory quotient occurred and in this 
respect our results differ from those obtained by Dadlez and Koskow- 
ski (24) who observed with dogs respiratory quotients close to unity 
after methylene blue injection. 

Whether methylene blue acts as an oxidation catalyst in the cells 
cannot be wholly excluded but the dependence of its action upon the 
environmental temperature is definitely against this view. 

The experiments at the higher temperatures show that in an injected 
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animal conditions are given which allow a higher metabolism and that 
no factors, as for instance limitation of oxygen supply, can come into 
play. The latter point is strengthened by the negative results ob- 
tained when the animals were subjected to oxygen, at least with low 
doses of dye, in which pulmonary complications proceed sufficiently 
slowly. 

SUMMARY 

1. Methylene blue injected intravenously in white rats is hyper- 
thermizing or hypothermizing according to the environmental temper- 
ature. 

2. It causes an increase in metabolism at 28°C. or above. At 
lower temperature it does not affect, or rather depresses, metabolism. 

3. It does not seem likely that its hypermetabolic action is due to 
catalysis of cell oxidations. 

4. In animals exposed to an atmosphere with a high partial pressure 
of oxygen, methylene blue causes pulmonary edema, much more 
rapidly than does oxygen alone. 

The writer wishes to express to Dr. P. A. Shaffer his appreciation 
of the kind advice given him throughout this work. 
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THE DEVELOPMENT AND LOCALIZATION OF THE DER- 
MAL PNEUMOCOCCIC LESION IN THE RABBIT 

By KENNETH GOODNER, Ph.D. 

{From ihc Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, July 8, 1931) 

Althougli many studies have been made of the pathogenesis of 
human lobar pneumonia, little is known of the factors involved in the 
rapid development of the pneumonic lesion or of the conditions 
which bring about lobar localization. It is difficult to determine the 
mechanism by observations in clinical cases or in cases of experimental 
pneumonia in animals since under these circumstances the evolu- 
tion of the lesions is at no time visible. In order to gain a clearer 
conception of what occurs during the infective process in man, an 
experimental study of the dermal pneumococcus infection in the 
rabbit was undertaken. This experimental disease has been described 
in previous communications (1-3) and has been shown to have many 
clinical, pathological, and immunological similarities to lobar pneu- 
monia. Moreover, the site of the principal lesion is superficial and the 
progression of events may easily be followed. Although it is obvious 
that factors which are significant in this experimental disease may be 
of little importance in the pathogenesis of lobar pneumonia, it is possi- 
ble that some of the experimental findings may aid in the interpretation 
of clinical data. 

Histological studies have shown that the pronounced edema is the 
outstanding feature of the early lesion of the dermal pneumococcus 
infection in the rabbit (3). It develops before any significant change 
takes place in the cellular picture. In the spreading lesion the move- 
ment of the edema fluid through the tissues precedes the appearance of 
any other sign of reaction between the tissue and the bacteria. It has 
been shown by cultures that the advancing fluid carried with it the 
infecting organisms. In consequence the infection spreads not by an 
active invasion by the bacteria but by their passive transport and 
inoculation. 


847 



848 


DERMAL PNEUMOCOCCIC LESION 


In view of the close relationship between the occurrence of the edema 
fluid and the infection, it seemed desirable to study the character of the 
fluid and the factors which influence its development, movement, and 
eventual localization. 

The methods employed in the following experiments were essentially 
the same as those used in the studies previously reported (1). Rabbits 
were inoculated intradermally, at a site 8 cm. dorsal to the ventral 
midline, with 0.2 cc. of an 18 hour blood broth culture of T)'pe I 
Pnemnococcus. The results of the study of the characteristic lesion, 
as it develops under varying conditions, form tlie material of this 
report. 


Properties of the Edema Fluid 

It was necessary first to devise a means of obtaining the fluid in appredable 
amounts. Aspiration was unsuitable for securing large quantities. Drainage 
from a small puncture woimd proved more satisfactor)\ This is a slow and rather 
awkward procedure but by it as much as 5 to 10 cc. of edema fluid can be obtained 
from a single animal. Rabbits which have been infected intradermally 15 to 20 
hours previously and in which the lesion is not markedly consolidated are most 
suitable. The skin over the dependent portion of the lesion is washed with 
alcohol and a sterile 18-gauge hypodermic needle inserted through the superficial 
skin layers at the point of greatest swelling. The animal is then held on a small 
elevated platform and the fluid seeping from the puncture wound is collected 
directly into a flask. 

The edema fluid is slightly turbid and is of a light straw color. If 
there has been but little tramna and the fluid contains no blood cells, 
it does not coagulate on standing, even after many hours. Since it 
contains viable pneumococci and serves as an excellent culture medium 
for these organisms, it is the practice to pass the fluid immediately 
through a Berkefeld V filter. 

This edema fluid not only fails to clot but also has the property of 
retarding the clotting of normal rabbit blood. The inhibition of coag- 
ulation of normal blood implies a definite increase in antithrombic 
property. That there is no deficiency in fibrinogen is shown by the 
fact that a firm clot forms promptly in the edema fluid on the addition 
of a small amount of “thromboplastin.” It would appear that the 
failure of the edema fluid to coagulate is related to a disturbed balance 
between thromboplastic and antithrombic substances. 
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A study of the coagulation of the blood of rabbits during the course 
of the dermal pneumococcus infection shows that as the disease pro- 
gresses the clotting time is increasingly prolonged, although, except in 
the most severe cases, the blood never fails to clot. In comparison 
with the clotting time of the edema fluid, the coagulation time of the 
blood withdrawn at 15 to 20 hours after infection is only slightly pro- 
longed. Obviously the antithrombic substance is in greater concen- 
tration in the edema fluid than in the circulating blood. This fact 
would point to its origin in the lesion and subsequent diffusion through- 
out the body. If it originates in the lesion it is possible that it is de- 
rived directly from the infecting organism, or it may be formed by the 
interaction of the organism and the host. 

The first of these possibilities, namely, that the antithrombic sub- 
stance is derived from the pneumococci, is the more easily approached. 
The first material of bacterial origin to be examined was the specific 
capsular polysaccharide (Type I). The concentration of this material 
in the edema fluid was determined b}^ precipitin titrations to be not 
greater than 1 part per 100,000 parts of fluid. Purified specific sol- 
uble substance in this and in greater concentrations was tested for its 
ability to retard the clotting of normal rabbit blood, but in no instance 
did it have any such effect. On the other hand, it was found that the 
addition of pneumococcus broth cultures to normal blood did influ- 
ence the coagulation time, the intensity of this action depending upon 
the age of the culture employed. A culture several days old inhibited 
coagulation to a greater degree than did a young culture. This 
suggested that the inhibiting action might be due to the products of 
bacterial autolysis. Autolysates of pneumococci were therefore pre- 
pared and their action on coagulation studied. The washed organisms 
were suspended in physiological saline solution containing 0.5 per cent 
phenol. This suspension of bacteria was kept at 37°C. for 24 hours 
and then allowed to stand in the ice box for a week to permit autolysis 
to take place. After complete dissolution of the organisms the super- 
natant fluid was found to possess a marked anticoagulant action. In 
contrast to this the supernatant fluid of a similar suspension of washed 
bacteria which had been immediately heated at 80®C. for 15 minutes 
to prevent autolysis, hastened the coagulation of normal blood. 
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The effect of the various preparations on blood coagulation is sho^-n in an 
experiment siunmarized in Table I. In this instance the control blood to which 
only saline solution had been added clotted in 3^ minutes. Blood containing 
edema fluid required 8-J- minutes to coagulate, a period over twice a.s long. The 
pnemnococcus autolysate prolonged the clotting time to 25 minutes, whereas 
an unautolyzed suspension of pneumococci containing an equivalent amount of 
bacterial material shortened the time to minutes. The substance in the autoly- 
sate responsible for the anticoagulant action is heat-stable. It may be heated to 
100°C. for 15 minutes without loss of activity. 

It would seem, therefore, although this is not yet conclusively 
demonstrated, that the autolytic products of pneumococci are respon- 
sible for the anticoagulant action of the edema fluid. A further inves- 
tigation as to the origin and chemical nature of the antithrombic sub- 


TABLE I 

Ejffect of Various Substances on Blood Coagulation 


Substance ! 

Coagulation time 

Blood 4- saline 

in If*. 

8| 

Blood edema fluid 

Blood + pneumococcus autolysate 

25 

Blood + pneumococcus autolysate previously heated at 100°C. for 15 

25 

Blood 4“ suspension of washed heat-killed pneumococci 

2 \ 



stance is now in progress. In its chemical behavior it appears to be 
identical or closely related to the purpura-producing substance also 
present in pneumococcus autolysates (4). This substance is probably 
responsible for the increased vascular permeability in the infected area. 

Dochez (5) observed that in acute lobar pneumonia the clotting time 
of the patient’s blood is considerably prolonged. His evidence pointed 
to an increase in an antithrombic element and he suggested that some 
intoxicating substance originating from the infecting organism might 
have a specific effect on the liver and cause an increased production of 
anti thrombin. The evidence herein reported, however, strongly 
suggests that the antithrombic substance is derived from the bacteria 
themselves. It is not unreasonable to suspect that some of the less 
well protected organisms arc damaged in the earlier phases of the 
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pneumococcus infection, and that the resulting death of these cells 
allows autolysis to take place with the liberation of an end product 
which, by retarding coagulation and altering vascular permeability, 
promotes invasion by the uninjured organisms. 

The antithrombic substance may play a significant role in the 
development of the lesion both in lobar pneumonia and in the experi- 
mental dermal infection, and it may well be that the production of this 
substance by pneumococci enhances the invasiveness of the organisms 
and accounts for the characteristic widespread edematous lesion. 

The Direction of Spread of the Edema Fluid and Its Final Localization 

In the many experimental infections of this type which we have ob- 
served, the lesion has invariably progressed toward the more dependent 
tissues. It seemed likely that the direction of progression is dependent 
upon gravity, but in order to establish this point it was necessary to 
rule out the possibility that the direction of spread might be related to 
the anatomical distribution of lymph and blood vessels in the involved 
area. 

A study was made, therefore, of the anatomical distribution of the 
vessels in the flank area. The blood vessels were demonstrated by the 
application of xylol. The lymphatics were rendered visible by injec- 
tions of India ink by the well known method used by Dr. Sabin. 
The general course of blood and lymph drainage in the skin of the flank 
area was found to be toward the axilla. The skin is rich in lymphatic 
anastomoses but in no instance did ink particles injected into the skin 
pass in the general direction taken by the progressing lesion, but in- 
stead they tended toward the larger lymphatics which follow the course 
of the larger veins toward the axilla. 

A number of experiments have been carried out with the purpose of 
demonstrating the importance of gravity in determining the direction 
of spread of the edema fluid. 

A rabbit was infected on the flank in the usual manner and then placed in a 
tight fitting box which was tipped to an almost vertical angle, with the head of the 
animal up. It had been inoculated at the usual site. The lesion proceeded 
downward, that is to say toward the tail in this case, and finally involved the entire 
gluteal region. After 18 hours the animal was replaced in its normal position. 
This resulted in a prompt alteration in the direction in which the lesion extended. 
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with an immunological barrier. In a previous paper (1) we have re- 
ported that the progress of the lesion could be entirely blocked by 
intracutaneous infiltration with specific immune serum, provided the 
infiltration was in the area ventral to the point of inoculation. Ex- 
periments have been carried out to determine if the direction of move- 
ment of the edema fluid might be modified by an immunological 
barrier. 

Intracutaneous infiltrations of antipneumococcic serum (Type I) 
were made along a diagonal line situated like that in the preceding 
experiment. The inoculation was made at a corresponding point. 
As a control the same procedure was carried out in a second rabbit, but 
with normal horse serum substituted for the antipneumococcic serum. 
In the control animal the edema fluid spread directly downward in 
the usual manner, but in the animal in which the infiltration was with 
immune serum the spreading lesion followed along the dorsal aspect of 
the line for some 5 cm. before crossing. 

It is probable that the entire spread of the lesion could be demar- 
cated "with serum injections provided it were possible to maintain the 
serum at the points of inoculation. 

These experiments indicate that the direction of spread of the edema 
fluid, and therefore of the infective process, is determined largely by 
gravity and is independent of the anatomical distribution of l3miph and 
blood vessels. They suggest that gravity may be a significant factor 
in the spread and localization of the infectious process in human lobar 
pneumonia. 

Conditions Which Determine the Extent or Magnitude of the 
Involvement 

An attempt has been made to analyze the factors which determine 
the magnitude of the lesion, that is, the size of the area occupied and 
the amount of edema in the involved zone. Probably the most impor- 
tant factor is to be found in the character of the skin. That of the 
flank and abdomen is loose whereas that over the lower part of the leg 
is quite tightly drawn. In the first instance the lesion is markedly 
edematous whereas in the second the edema is much less. 

When the inoculation is made on the flank, the extent of the lesion 
is apparently determined by the state of fullness of the abdomen. 
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In the normal, well fed animal the abdomen below the usual she o 
inoculation is quite dependent and the lesion seldom sprea s ve^ 
along the ventral midline. In the case of more emaciated ^m Js 
however, the abdomen is usually mote or less retracted In this me 
J^rLion invariably gravitates along the midline and m some m- 
stances has been observed to involve the entire ventra^ 
in the case of well nourished animals a late ^ ^ 

infrequently occurs and this may be due to the fact tha g 
course of tL disease a considerable loss of weight and retraction 

abdomen frequently occurs. 

TABLE n 

The Relatim oj Distance Traeelied hy the Sdetna Fluid to the Size of the Lesion and the 

Anioinit of Edema - 



Ventral midline 
On the flank at a point 8 
cm. dorsal to the ven- 
tral midline 


1 cm. lateral to the dorsal 
midline 


4x4 cm. 

Extends from point of 
inoculation to ventral 
midline where involve- 
ment measures 6x6 
cm. 

Extends from point of 
inoculation to ventral 
midline where involved 
area measures 7 x 11 
cm. 


Slight amount 
Considerable amount at 
ventral midline 


Huge accumulation of 
edema fluid at ventral 
midline 


Chance observation suggested that the distance that lesion. 

can travel may be important as determining ‘^'^t various sites, 
In order to study tliis question rabbits were moculated at 
and the extent of the subsequent lesion and the amoun 
observed. One experiment is summarized in Table II. 

In the e.vperiinent summarized in Table II the animal which ^ cm.with 

ventral midline developed only a small lesion having an ° in^fected near 
only a slight amount of edema. In contrast tie amma J'' ^ ^ huge 

the dorsal midline developed a widespread lesion in the • .-uiation midway 

accumulation of edema fluid. The animal whici receive _-_.;fude to those 

on the flank developed a lesion intermediate in e.xtent an 5° 
just described. 
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Perhaps the best explanation for this result is that in the animal 
inoculated at the highest point, the greatest drainage area was present. 

Variations in Rate of Dcroclopmcnt of the Lesion 

Factors of two kinds have been found to influence the rate of de- 
velopment of the local lesion. Thus the development is retarded (a) 
by conditions which depress the general resistance and thus favor the 
development of a primary bacteriemia, or (6) by the presence of sub- 
stances which shorten the coagulation time of the blood, whereas 
an acceleration in the rate of development has been observed when cer- 
tain microorganisms are used as associative infective agents with 
Pneumococcus. 

Some examples of depressing conditions may be cited. If a quantity 
of alcohol suflScient to produce intoxication is given intraperitoneally 
at the time of intracutaneous infection the body temperature is mark- 
edly depressed. The progress of the lesion is much the same as in the 
non-alcoholized animal but the disease is much more rapidly fatal and 
the animal dies before the ultimate local induration has developed. 
In this case the local infection is merely incidental to bacteriemia. 

The same effect is obtained by placing the rabbit in an abnormal 
position after inoculation. Thus, if an infected rabbit is placed on a 
board in a dorsal recumbent position, the temperature is markedly 
depressed, and the resistance appears to be so low as to favor profound 
generalized infection and early death, before the development of any 
sigmficant local infection. 

An example of true retardation is obtained by injections of thrombo- 
plastin. Since the edema fluid coagulates in vitro if thromboplastin 
is added, it seemed probable that an analogous effect might occur in 
'*nvo. Injections of thromboplastin into normal animals showed that 
the effect on the coagulation time of the blood was more or less tran- 
sient but fairly pronounced. 

The local skin area of an infected animal was infiltrated with 
thromboplastin at the time when the lesion first showed signs of 

spreading. The ventral spread of the lesion was retarded for approx- 
imately 4 hours. 

In a second experiment, repeated intravenous injections of thrombo- 
plastm were given, beginning at a time when tbe lesion showed tbe 




Text-Fig. 1. Temperature charts of three rabbits infected intradermally with 
(A) Pneumococcus I and i7. influenzae^ (B) H, influenzae^ (C) Pneumo- 

coccus Type I. 
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first evidence of ventral spread. The injections were repeated at ap- 
proximately hourly intervals for 6 hours. During this time the pro- 
gress of the lesion was almost entirely arrested. Within 2 hours after 
discontinuing the intravenous injections of thromoboplastin the edema 
fluid began to move ventrally at the usual rate. 

An acceleration in the rate of development of the lesion has been 
observed when certain organisms are inoculated with the pneumococci. 
Apparently many Gram-negative organisms yield this result but it is 
best observed with Hevtophilus influenzae. This is illustrated in 
Text-fig. 1, which gives the temperature charts of three animals, one 
infected with Pneumococcus Type I, one with H. influenzae^ and one 
with a mixture of these two organisms. The comparative progress of 
the lesions is indicated. 

H. influenzae, and especially recently isolated strains, if injected 
intracutaneously into the rabbit, give rise to a mildly inflamed edema- 
tous area which is indurated. This inflammatory reaction persists 
for 2 or 3 days. At the same time a transient thermal reaction occurs. 
The temperature rises abruptly after inoculation and reaches levels 
around 105°F. It begins to fall at about the 5th hour and has usually 
reached normal levels in from 7 to 8 hours. 

When pneumococci alone are injected no inflammatory reaction or 
fever develops during the first 4 or 5 hours. Local inflammation then 
appears and the temperature begins to rise. The maximum tempera- 
ture is usually not reached before the 7th or 8th hour and the edema 
fluid does not usually reach the ventral midline until about the 7th 
hour. 

If an animal is infected with a mixture of these two cultures the prog- 
ress of the lesion is strikingly different from that occurring when either 
organism alone is injected. Instead of remaining localized, the ventral 
extension begins quickly and the edema fluid may reach the ventral 
midline within 3 hours, or in less than one-half of the time elapsing 
when pneumococci alone are injected. 

The mechanism of the acceleration in the case of the associative 
infection is not understood. This phenomenon may have some signi- 
ficance in hmnan lobar pneumonia, for in the last 200 patients with 
lobar pneumonia in this Hospital, H. influenzae has been foimd to be 
present in the sputum in 72 per cent. It is possible therefore that this 
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organism may play a role in the rapid development of the lesion in 
lobar pneumonia. 

SUMMARY 

An attempt has been made to analyze the factors involved in the 
development and localization of the dermal pneumococcic lesion in the 
rabbit. 

The cliaracter and quantity of the edema fluid which forms during 
the early phases of the lesion are intimately concerned in its develop- 
ment and spread. It contains an antithrombic substance, probably 
derived from the pneumococci, and delayed coagulation probably facil- 
itates its movement through the tissue. The direction of spread in 
the skin is determined by gravity, and the fluid finally localizes in the 
more dependent regions. The distance that the pneumococcic lesion 
travels and the local tissue characters have much to do with the 
amount of fluid that accumulates. 

Studies are also reported of some factors which alter the rate of 
spread of the edema fluid. An acceleration in rate occurs when E. 
influenzae is used as an associative infective agent with the 
Pneumococcus. 
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rUDIES ON THE SPECIFIC CHARACTERISTICS OF SYPHI- 
LITIC BLOOD PROTEINS 


I. SuRPACE Tension and Solubility 
B y S. T. WALTON, 

{From (he Department of Laboratories^ Henry Ford Hospital^ Detroit) 
(Received for publication, August 25, 1931) 

The object of the experiments here described, and of others to be 
^ported later, has been to determine if possible wherein lies the differ- 
sne between the composition of blood of human individuals having 
yT)hiiitic infection and of normal blood of the species. The present 
aper, dealing with surface tension and solubility, aims to show that in 
ome respects the physical properties of normal and syphilitic blood 
re at variance. 

Probably the most extensive and most significant work on the surface-active 
roperties of true and colloidal solutions in recent years has been reported by 
u Noiiy. In 1918 he (1) devised a method for the determination of the surface 
-nsion of solutions which permits of very accurate measurements and which is 
ipid enough to allow large niunbers of tests to be made without being excessively 
me-consuming. Also, repeated measurements may be made of the same siuface 
fter allowing time for changes and adjustment of the position of molecules in the 
urface layers and in the bulk of the liquid. The instrument used for making these 
eterminations, ‘*the du Noiiy tensiometer,” is of the t 3 qDe which measures the 
3rce necessary to break a platinum ring away from the solution under examination, 
headings are made directly in d 5 mes per centimeter on a scale which is graduated 
o 0.1 dyne. In 1923 the description of an improved tensiometer was reported (2). 

Du Noiiy (3) observed that there was a marked lowering of the surface tension 
d rabbit’s blood serum upon standing imdisturbed for a time, even in very high 
lilution. In another communication (4) he presents evidence to prove that at a 
lilution of 1 : 10,000 of blood serum a “monolayer” of oriented serum molecules is 
ormed which reduces evaporation to a minimum, and also has to do with the 
►wering of the surface tension. 

Ascoli (5) in 1910 measured the surface tension of immune serum and antigen, 
nd of normal serum and antigen immediately and after 2 hours incubation. He 
concluded that the difference of the surface tensions could be used to determine the 
presence of antibody. Gouwens (6) disagreed with Ascoli on the reliability of 
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surface tension in differentiating antibody in serum, at least with Bacillus para- 
typhosus B as antigen. Along this same line du Noiiy (7) observed that the time- 
drop (f.c. the difference in the surface tension readings made immediately after 
placing a 2 cc. sample of solution on a watch-glass so that it spreads to cover about 
12 sq. cm. of surface and the readings taken 2 hours later) of immune scrum was 
greater by SO to 100 per cent than that of normal serum. He found the maximum 
drop still at a 1 : 10,000 dilution and drew tlie conclusion that the size of the micellae 
is probably unchanged in immune serum. The experiments here set forth tend to 
show that there may be a difference in size of the molecules of immune serum, 
basing the calculations on du Noiiy^s oriented layer tlieor>^ and on results of 
solubility experiments. 

Svedberg, in discussing a paper by Pauli (8), classed proteins as homogeneous 
with regard to the molecular weight, giving the figure 34,500 as the weight of the 
basic molecule and ovalbumin as an example of this class of proteins. It is tlien 
assumed that protein molecules of higher molecular Aveights, i.e. Avcights represent- 
ing multiples of 34,500, are dissociated into molecules of a lower number of groups 
when the pH of the solution is sufficiently raised, until eventually witli increasing 
alkalinit}", all proteins have the same molecular weight, viz, 34,500. This theory is 
substantiated by the writer’s experiments on surface tension determinations on 
normal and syphilitic human blood sera, and solubilit}^ experiments on separated 
globulins from these sera. 


EXPERIMENTAL 

In order to get an idea of the surface reaction of serum in general and to establish 
a basis for comparisons of subsequent determinations, it was considered well to 
get a number of measurements on the sera of several species of laboratory animals 
as well as to run some normal human specimens. 

In the hope of finding out something of the character of the protective action of 
serum albumin in tlie precipitation reaction for syphilis in unheated sera, as referred 
to by Kurtz (9), it was decided to make examinations of heated portions of the 
specimens as well as unheated. The heating was done simply as in preparing to 
make a routine test for syphUis, viz, at 55®C. for 30 minutes. 

Since the surface activity of solutions is so easily affected by the addition of 
foreign substances, all glassware used in handling solutions must be thoroughly 
cleansed immediately before use. Soaking for at least 18 hours in bichromate 
cleaning solution or boiling for 1 hour in this solution is a good method, followed by 
rinsing in distilled water and dr>'ing immediately in the oven. 

Determinations were made with a du Noiiy tensiometer No. 10402 produced 
by the Central Scientific Company. Directions were followed closely in the 
operation of the instrument. Temperatures ranged in the neighborliood of 25 C., 
var\dng not more than 1° or 2^ from that. No corrections were made for tempem- 
turc change since the error is only a small fraction of a dyne per degree of change, 
and other factors may influence the readings more markedly. The unit of timeis I 
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hour. Du Noiiy (10) pointed out that the curves at 1 and 2 hours were very little 
different in degree and ^Yerc practically parallel. The diluent emplo 3 '’ed was physi- 
ologic sodium cliloride, 0.85 per cent, having a surface tension of about 76 dynes 
which is but slightly or not at all affected by the time factor. Distilled water 
has a surface tension hy this method of about 75.5 dynes and is little affected by 
the time factor. 

Table I shows comparative measurements at various dilutions of the 
fresh sera from the normal rabbit, ox, sheep, guinea pig and human. 

Curves were plotted for the values presented in Table I and are 
shown in Fig. 1. 


TABLE I 


Effect of Dilution on the Surface Tension of Normal Sera of the Human and Some 

Domesticated Animals 


Bilution 

Pure serum 

o 

o 

1:1,1000 

1:10,000 

1 50,000 

1:100,000 

=, 

o 

o 

o 

*n 

1:500,000 

1:1,000.000 


Surface tension in dynes 

Rabbit 

58.4 

66.1 


76.1 

75.9 

75.8 



74.9 

74.1 

Ox 

61.3 

66.3 

68.8 

mi 

74.5 

— 

76.2 

— 

75.0 

Sheep 

— 

66.6 

66.4 


75.7 

— 

75.9 

— 

— 

Guinea pig 

— 

66.0 

64.9 

74.8 

75.5 

74.7 

— 

75.3 

75.3 

Human 

— 

68.5 

68.7 

76.5 

76.2 

— 

76.4 

— 

— 


It is readily seen that in the freshly diluted serum, a dilution of 
1 : 10,000 is suflSdently great that the solid matter does not change the 
surface tension appreciably from that of physiologic saline or distilled 
water. 

However, in the normal specimen heated for J hour at 55°C. the 
surface activity is modified in dilutions up to 1 : 10,000 as observed by 
du Noiiy (11), indicating increased dissociation of the protein mole- 
cules at this temperature. In other words when the molecules are 
split up and become smaller due to the action of heat, the total surface 
exposed by the particles in a given amount of solution is increased so 
that the dilution must be increased in order to obtain a single layer at 
the siurface which accounts for the maximum decrease in tension after 
a period of time. Also the measurements after an interval of 1 hour 
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Fig. 1. Effect of dilution on the surface tension of normal sera 
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are modified in dilutions up to 1:50,000, thus giving a greater time- 
drop at this dilution. 

The difference in the initial readings and those made after a 1 hour 
time interval, or the time-drop, of the raw and heated specimens may 
be better contrasted in graph form (Figs. 2, 3 and 4). 

TABLE II 


Ifiitial Surface Tension Measurements of Normal Sera, Raw and Heated at 55°C,for 
\ Hour {See Figs, 2, 3 and 4) 



1:100 

1:1,000 

1:10,000 

1:50,000 ' 

1:250.000 



^ Surface tension in dynes 

Human (raw) 

68.5 

68.7 

76.5 


mm 

** (heated) 

66.7 ' 

66.7 

69.0 


mSm 

Rabbit (raw) 

1 

69.1 

73.5 

75.2 

lari 

(heated) 

. 

67.5 

71.1 

75.2 

in 

Guinea pig (raw) ' 


65.3 

74.4 

74.9 

m 

“ " (heated) 


61.8 

68.9 

74.7 

ra 




* 1 : 100 dilutions omitted because of low surface activity in this zone. 


TABLE m 


Measurements of Same Specimens after Standing Undisturbed for 1 Hour at Room 
Temperature of 25°C. {See Figs. 2, 3 and 4) 



1:100 

1:1,000 

1:10,000 

1:50,000 

1:250,000 



Surface tension in dynes 

Human (raw) 

61.5 

64.1 

66.2 

67.1 

76.0 

(heated) 

64.0 

63.4 

61.6 

63.2 

75.1 

Rabbit (raw) 


62.5 

62.9 

66.0 

75.0 

** (heated) 



61.1 

61.3 

62.1 

75.0 

Guinea pig (raw) 



62.4 

64.2 

69.8 

74.0 

“ “ (heated) 



60.1 1 

59.7 

64.6 

69.2 




Here we see that the greatest distance between the initial curve and 
the 1 hour curve is at a dilution of 1 : 10,000 for the raw serum and at 
1 : 50,000 for heated serum. In other words, the peak of the curve for 
heated normal serum is moved over toward the higher dilutions than 
that for raw serum. These values are not always at 10,000 and 50,000, 
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but may vary with different individuals between dilutions of 1:1,000 
and 1 : 100,000. All observations made so far have fallen vdthin these 
values, and the majority were in the neighborhood of the values in 
the cases illustrated. 


Effects of Imimmity on Surface Tension: Syphilis 

Having made detailed explanation of the characteristic differences 
between raw and heated normal serum, a brief description to compare 



Fig. 2. Effect on surface tension of heating normal serum for I- hour at 55°C. 


the values of similarly treated immune serum will suffice. For this 
purpose rabbit’s blood immune to sheep’s red blood corpuscles was 
used as a comparative example along with the blood from sj^ihilitic 
human individuals. 

Here the greatest time-drop comes at the same dilution for heated 
as for raw’ serum, or at a low’er dilution as illustrated in Fig. 7. As m 
the case of normal sera, the greatest divergence of the curves does not 


lU ^A/f/ 





Fig. 3. Effect on surface tension of heating normal serum for i hour at 55® C. 





865 




ninrr ^^ccnt r, j. ^ ^"’o ijn/n prepare! 

of ^''<^dbcrg?j ^onsUtmlsof 

^^°^Position an^ ^ Proteins anrff o/Paui 

^ ^<^or.arrrvf ;!"f eicctrocWeali 


/e?-^ ' as though 




IpiipMiB 


«ensio„ 

<■' sC"7" -f ^ZZT’^y bfCn” ‘'“^"osfc t.. ... 

5^- of solutln^ offected tv », ffie ia(/ ' ’^ofoomed tv and 

^^fered 0/7 ^ ^eavjL ^^^ition of fUtrato diagnostic!. 

«*sol7,°'-'n>fet",7,f « 0/JO®; «.'0 propan,, 

■'’“'P'od t, “™on„, " “>0 CC. of ?';.«fr%ora,on "t''“‘"‘'“‘' 

^^P^raiini ivater 1,, P^ecjp/tafe « 

" ^^^ssei4/f n. -P-erpf/a/ed i 

°^ution. 4 f^„_ , -^^ours, but instcac 

obtained this 








S. T. WALTON 


869 


result in dialyzing, further albumin specimens were used as separated by acetic 
precipitation, so containing the acetate ion which would render it somewhat more 
readily soluble than if it were free of electrolyte. However, it appears from the 
solubility table that the influence of the acetic anions was counteracted by the 
positive metal ions very close to the isoelectric point, which is given as pH 4.8, and 
a high degree of dissociation effected in solutions of moderately low pH value. 

The precipitates of both proteins were mLxed with the solvent and the tubes 
placed in a 37®C. water bath for 4 hours. Buffer solutions used were Sj^rensen’s 



Fig. 7. Effect on surface tension of heating immune serum for hour at 55°C. 


citrate and phosphate buffers, and Kolthoff and Vleeschhouwer^s soda-borax and 
alkaline phosphate solutions as given in Clarkes text ''The determination of hydro- 
gen ions” (16). 

Protein determinations were made with Extends apparatus, the values of which 
are periodically checked by KjeldahUs method of nitrogen determination. 

This comparison shows definitely that there is a marked difference of 
dissociability between the two protein fractions of normal serum. 

A similar comparison of the solubility of the globulin portion from 
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result in dialyzing, further albumin specimens were used as separated by acetic 
precipitation, so containing the acetate ion which would render it somewhat more 
readily soluble than if it were free of electrolyte. However, it appears from the 
solubility table that the influence of the acetic anions was counteracted by the 
positive metal ions very close to the isoelectric point, which is given as pH 4.8, and 
a high degree of dissociation effected in solutions of moderately low pH value. 

The precipitates of both proteins were mixed with the solvent and the tubes 
placed in a 37®C. water bath for 4 hours. Buffer solutions used were S^rensen^s 
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Fig. 7. Effect 

citrate and phosphate buffers, and Kolthoff and Vleeschhouwer’s soda-borax and 
alkaline phosphate solutions as given in Clark’s text “The determination of hydro- 
gen ions” (16). 

Protein determinations were made with Exton’s apparatus, the values of which 
are periodically checked by Kjeldahrs method of nitrogen determination. 

This comparison shows definitely that there is a marked difference of 
dissociability between the two protein fractions of normal serum. 

A similar comparison of the solubility of the globulin portion from 
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ORAL IMMUNIZATION AGAINST PNEUMOCOCCUS TYPES 
II AND III AND THE NORMAL VARIATION IN RESIST- 
ANCE TO THESE TYPES AMONG RATS 

By victor ROSS Ph,D. 

{From the Bureau of Laboratories y Department of Health of the City of New York, 

New York) 

(Received for publication, July 29, 1931) 

A preliminary report on the production of an increased resistance to 
Typts II and III pneumococcus by feeding the organisms to rats has 
been published elsewhere (1). Maeji, working with Type III, has 
confirmed this result (2). In the first communication it was stated 
that rats develop a natural immunity to Type II with increasing age 
and that this makes it difficult to demonstrate the immimizing effect 
of feeding the organism. At that time it appeared that a similar 
natural imm unity was not built up against Type III. Since then, it 
has been foimd that an analagous resistance to T3^e III does occur, 
though it is less extensive and less common than in the case of Type 
II. This natural, increased tolerance for Types II and III pneumococ- 
cus appears at different ages in different rats. It can be observed 
at weaning time or even sooner toward Type II, and somewhat later 
in life toward Type III. Several strains of each of these two types, 
highly virulent for mice, have been used in the experiments reported 
here. 


Variation in Resistance to Types II and III 

The resistance to Type II reaches such a height in adult rats of 
150 gm. that 10 cc. or more of a culture highly virulent for mice, may 
fail to kill. Very often 10'® cc. may kiU a very young rat, though it 
has been observed that equally young rats may not infrequently sur- 
vive 10“® and 10““^ cc. 10'® and 10“^ cc. have rarely been observed 

* The author wishes to thank Mrs. Lawrance Harriman for kindly providing 
funds in aid of this work. He is also indebted to the Harriman Research Fund 
for a grant. 
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quantities of 10-« and 10- ' cc. may kill, whereas the rats receiving 
lO-* and 10'“ cc. may live and that finally, those injected TOth 10-“ 
and 10"' cc. may succumb. 

Table I shows results obtained at different times with the Rocke- 
feller Institute strain of Type II. It can be seen that all the facts 
noted above are illustrated here, namely (1) some very small rats 
succumb to 10" ® cc., others may survive doses thousands of times as 
large, (2) large rats are not killed by 10"® and 10"’ cc. but generally 
require thousands of times this quantity, (3) the need for large quan- 


TABLE u 


Comparative Rcsista?ice oj Mice, and Young and Adidt Rats to Pnetonococcus Type 
II {Rockefeller Institute Strain) 


Mice 

Young rats 

Adult rats 

Weight 

Dose 

Result 

Weight 

Dose 

Result 

Weight 

0ose 

' Result 

1 

gm. 

cc. 


gtn. 

cc. 


1 gtn. 

cc. 


2S 

io-» 

D 2 

mM 

i 10-* 

S 


10-* 

S 

25 

10“« 

1 n 2 

BH 

10-7 

03 

■9 

10-* 

s 

26 

10-7 

n2 


lO"* 

S 

144 

10-7 

s 

26 

10-7 

I>2 ■ 


10-5 

0 2 I 

152 

10-7 

s 

27 


02 


10-* 

0 2 

152 

io-« 

s 

27 

io-« 

D2 


10-* 

03 

152 

io-« 

s 

28 

10-* 

D2 

66 

10-7 

03 

157 i 

10-^ 

s 

28 

10-« 

D2 




161 1 

10-6 

s 

30 

io-< 

D2 




157 

10-6 

s 

30 

io-« 

D 2 




165 

10-6 

0 3* 







171 

10-7 

S 







169 

10-» ' 

S 







197 

10-7 

s 


* Pneumococcus in heart blood. 


tities to kill a rat is not owing to a lack of virulence for mice, (4) the 
irregularity of resistance among rats of approximately the same age 
(size). Tables II, III, IV, V and VI (using Rockefeller Institute and 
other strains) further illustrate the facts that, in general the increased 
resistance appears with increasing age, that the large doses required 
to kiU adult rats are not owing to a diminished virulence for mice in 
any of the strains used, and that the increased resistance does not 
appear in rats of approximately the same size at the same time. 

The variation in resistance to Type III is less common and appears 
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rats. There is a suggestion of a loss of this immunity later in life, 
(in the cjata of the last group) but this may be a matter of chance. 
The very young rats succumb to the same small doses (10“^ and 10"® 
cc.) which kill mice. The test with the strain Harris (Table VIII) 


TABLE V 


Resistance of Mice and Young and Adult Rats to Pneumococcus Type U {Weathers 

Strain) 


Mice 

Young rats* 

Adult rats 

Weight 

1 

Dose 

Result 

Weight 

Dose 

Result 

Weight 

Dose 

Result 

gm. 

cc. 


em. 

cc 


gm. 

cc. 


15 

10'> 

V2 

30 

io-» 

S 

105 

10-7 

S 

16 

10-* 

S 

34 

10-7 

D2 

in 

10-* 

s 

17 

10-* 

D 2 

34 

10-* 

D2 

115 

10-5 

s 


io-» 

S 

35 

io-» 

D 2 

119 

10-* 

D2 

19 ' 

10-T 

D2 

36 

io-« 

D 2 

128 

10-5 

S 

19 

10-’ 

D2 

36 

10*» 

D2 

132 

10-5 

D2 

19 

io-« 

n2 1 







19 

io-« 

02 








* Single litter. 


TABLE VI 


Resistance of Mice, and Young and Adult Rais to Pneumococcus Type II {Boone 

Strain) 


Mice 

Young rats* 

Adult rats 

Weight 

Dose 

Result 

Weight 

Dose 

Result 

Weight 

Dose 

Result 

gm. 

cc. 


gm. 

cc. 

■i 

gm. 

cc. 


17 

io-» 

s 

34 

10-8 


143 

lO-’ 

S 

17 

io-» 

S 

35 

10-’ 


143 

10-5 

S 

18 

io-« 

D 2 

36 

10-* 

D 2 

147 

10-5 

S 

19 

10-5 

D 2 

37 

10-5 

D 2 

151 

10-< 

S 

19 1 

lO-’ 

D2 

38 1 

10-* 

D2 

154 

10-7 

S 

19 

10-’ 

S 

38 

10-* 

D 2 

166 

10-5 

D 2 

19 

io-< 

D2 







20 

io-« 

D2 








* Single litter. 


shows further that adult rats possess an increased tolerance toward 
Type III, whereas very young ones die of doses no larger than are 
required to kiU mice. The results with the strain Fink (Table IX) 
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illustrate an instance of a relatively early appearance of the resistance 
to Type III, 10“^ cc. failing to kill a rat weighing only 70 gm. 

The experiments with tlie Challenger and Abaca strains (Table X) 
illustrate the beginning of the appearance of immunity to Tj^e III 


TABLE vn 


Resistance of Y oung and Adnlt Rats to Pneumococcus Type III {Rockefeller Institute 

Strain) 


Weight 

Dose 

Result 

Weight 

Dose 

Result 


cc. 


gm. 

cc. 


27 

10“» 

S 

•32 

10-3 

D2 

29 

10-8 

B2 

33 

10-T 

D2 

29 


02 

36 

10-8 

D2 

29 1 

lO'® 

D2 

36 

10-5 

D2 




42 

10-* 

D2 

138 

10-5 

S 




157 

io-< 

S 

130 

10-T 

S 

162 

10-* 

D6 

139 

10-8 

S 

186 

io-> 

D2 

162 

io-« 

D2 




164 

io-< 

D2 

*36 

10-8 

02 

181 

10-8 

D2 

40 

10-T 

D 2 

184 

10-* 

S 

41 

lO-* 

D 2 

187 

10-T 

D2 




195 

10-5 

D I 

108 

10-T 

S 

230 

10-8 

S 

107 

10-8 

S 

285 

10-T 

D7 

113 

10-* 

D3 

237 

10-8 

D2 




243 

10-* 

D2 

•38 

10-8 

D 2 

245 

10-* 

D2 

40 

10-y 

D2 

262 

10-T 

S 

54 

io-« 

D 1 

285 

10-T 

D2 




305 

10-1 

D 1 

126 

10-T 

S j 




129 

io-< 

S 




131 

10-* 

D 2 




•51 

10-8 

S 




55 

10-T 

D 2 




58 

io-« 

D 2 




122 

10-T 

S 




125 

io-< 

S 




129 

10-* 

s 





* New scries. 


witli increasing age, in the former by the survival of one of each of 2 
rats injected with 10*^' and cc. respectively, and in the latter by 
the sur^^val of the rats injected with 10 "S and lO”" cc. It can be 
seen that the wrulence for mice is high. The strain Small (Table XI) 
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seemed at first to be equally toxic for mice, and young and adult rats, 
killing all 3 in a dose of 10"’ cc. (upper half of table). Another group 
of animals was tested and it was found that although 10"® cc. killed 
both young rats, 1 survived 10"^ cc. and 1 adult rat failed to die of 


TABLE vm 

Resistance of Mice and Young and Adult Rats to Pneumococcus Type III {Harris 

Strain) 


Mice 

Young rats* 

Adult rats 

Weight 

Dose 

Result 

Weight 

Dose 

Result 

Weight ' 

Dose 

Result 

tm. 

cc. 


gm. 

cc. 


gm. 

cc. 


16 

io-» 

S 

29 

io-» 

D2 

m\m 

10“« 

S 

17 

10-* 

S 

30 

io-» 

S 

■ 9 

10“7 

S 

17 

10“« 

s 

32 

10“» 

D2 


10“< 

S 

19 I 

10-* 

D2 

32 

io-< 

D2 

138 

lO-* 

S 

19 1 

lO-T 

D2 1 

34 

10-* 

D2 

145 

io-< 

D 2 

19 I 

io-« 

D2 

35 

io-< 

D 2 

148 

10-* 

D2 

20 

10-* 

D 2 








• A single litter. 


TABLE IX 


Resistajice of Mice, and Young and Adult Rats to Pneumococcus Type III (Fink 

Stram) 


Mice 

Young rats* 

Adult rats 

Weight 

Dose 

Result 

Weight 

Dose 

Result 

Weight 

Dose 

Result 

tm. 

cc. 


gm. 

cc. 


gm. 

cc. \ 


17 

10-^ 

S 

59 

10-9 

S 

143 

10-8 

S 

20 

io-> 

s 

66 

10-8 

S 

141 

10-7 

S 

22 

io-« 

s 

60 

10-8 

S 

157 

10“« 

S 

21 

10-8 

s 

67 

10-7 

S 


10-8 

S 

24 

10-» 

D 2 

68 

10-8 

s 


10-8 

D 4 

23 

lO-'f 

D2 

68 

10-5 

s 




25 

10-« 

D 2 

70 

10-8 

s 

■1 




* A single litter. 


10“® CC., showing that rats may develop the characteristic immunity 
towards this strain as well. This is substantiated by the data in Table 
XXIII obtained in a feeding experiment where several controls sur- 
vived 10'^ and 10“® cc., although others died of 10“^ and 10“^ cc. 
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demonstrate dearly the increased resistance which follows feeding of 
these types than when Type I is employed. If one takes a group of 
rats at random for example, one may find that the control and treated 
rats survive equally large doses especially in the case of Type II. 
This is so because a change from a resistance equal to 1000 m.l.d. to 
that of 2000 M.L.D., which may have been the effect of feeding the 
bacteria, is not detectable by the method employed. Even if one 
chooses very young rats of different litters and mixes them, this diffi- 
culty is avoided only fairly well in the case of Type III, and not in the 
case of Type II. 

By using single young litters and dividing into controls and experi- 
mental animals it has been possible to show that the ingestion of Type 
II pneumococci is followed by a definitely increased resistance to this 
type. This precaution is not necessary in the case of Type III, 
though desirable, and by using young rats (60 gm.) of different 
mothers, mixing them and dividing into controls and experimentals, 
an analogous result is obtained. 

When the first experiments were begun with Types II and III, 15 
feedings were employed. At the end of this time part of the natural 
immunity would appear even if young animals were used. After it 
was found that a single feeding was sufficient for producing an immu- 
nity against Type I, the same or a slightly larger number were tried 
for Types II and III. This removed another interfering factor. 

In all the experiments described here the cultures were killed by 
adding n HCl to make n/12 and leaving at room temperature for 2 
hours, and then centrifuging. The media used were either beef heart 
broth or 0,3 per cent glucose meat extract broth. Wherever bile 
salt-dissolved organisms were employed they were grown only in beef 
heart broth. The cultures for injection were grown in beef heart 
broth enriched with blood, and injections were made intraperitoneally 
in a volume of 0.20 cc., dilutions being made in beef heart broth. 

Experiments with Type II 

Experiment i, Table XII , — Each of 3 litters of 8 was divided into 4 controls and 
4 treated rats. The organism was grown in glucose meat extract broth and the 
bacteria were mixed with cracker meal. Controls were fed the cracker meal 
alone. The deaths are very regular among the controls, with the exception of 
cc. in 1st litter. There were 6 deaths among the untreated and only 1 among 
the treated rats. 
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in milk. The suspension was administered by medicine dropper. Controk died 
regularly of 10*“^, 10“® and 10”^ cc., with one exception in the 3rd litter. The 
treated animals survived and 10“ ® cc. in all 3 litters but succumbed to 
10 cc. There were 8 deaths among controls as against 3 among the treated rats. 


TABLE XIV 

Resistance to Fncnmococcus Type II Following Ingestion of the Acid-Killed 

Organisms 


Weight 

Dose 

Result 

Weight 

Dose 

Result 

Weight 

Dose 

Result 

tm. 

cc. 


gm. 

cc. 



gm. 

cc. 


C39 

io-> 

S 

C36 

10“» 

S 


C30 

10-8 

S 

C41 

10“’ 

D 2 

C38 

10“’ 

D 

1 


10“’ 

D 1 

C44 

io-« 

D 2 


10“« 

D 

2 


10“« 

S 

C50 

io-» 

D 1 

mm 

10“* 

D 

1 

C34 

10“« 

D 2 

E42 

10“» 

S 

E37 

10-s 

S 


E28 

10“B 

S 

E43 

10“’ 

S 

E38 

10-’ 

S 


E30 

10“’ 

S 

E43 

10“« 

s 

E39 

10“« 

s 


£31 

10“« 

s 

E43 

10“5 

D 2 

E40 

10“6 

D 

2 

E31 

10“5 

D 2 


Each group of C and E rats is a litter. Each E rat received bacteria from 5 cc. growth 
on each of 3 succebsive days. Test was done 1 day after last feeding. 


TABLE XV 


Resistance to Fncnmococcus Type II Following Ingestion of the Acid-Killed 

Organisms 


Weight 

Dose 

Result 

Weight 

Dose 

Result 

Weight 

Dose 

Result 

gm. 

cc. 


gm. 

cc. 


gm. 

cc. 


C37 

10“« 

S 

C34 

10“8 

D 2 

C27 

10“« 

D 1 

C41 

10“’ 

D 2 

C31 

10“’ 

S 

C29 

10-’ 

D 2 

C4S 

10“« 

D 1 

C34 

10“« 

D 1 

C32 

10“« 

D 1 

C46 

10 “6 

D 3 

C3S 

10“6 

S 

C33 

10“» 

D 1 

E38 

10"8 

S 

E31 

10“8 

D 2 

E26 

10“8 

D 1 

E39 

10“’ 

s 

E33 

10“’ 

S 

E28 

10-’ 

D 2 

E42 

10“« 

s 

E33 

10“8 

S 

E31 

10-» 

S 

E48 

10-8 

s 

E34 1 

10“5 

s 

E34 

10“5 

S 


Each group of C and E rats is a litter. Each E rat received the bacteria from 5 cc. 
growth on each of 3 successive days- Test was done 48 hours after 3rd feeding. 


Experiment 4, Table XV, — Each of 3 litters was divided into 4 controls and 4 
treated rats. The organisms were grown in beef heart broth and were mixed 
with cracker meal. There were 9 deaths among the controls and only 3 among 
the treated rats. 
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In order to learn whether cross-protection existed between Types 
I and II, three experiments were done, one in which Type II was fed 
and two in which Tj’pe I was administered. 


TABLE xvn 

Resistance to Pneumococcus Type II, Following Ingestion of Berkefeld Filtrate of 
Sodium Glycocholate-Dissolved Organisms 


Weight 

Dose 

Result 

Weight 

Dose 

Result 

cm. 

cc. 


Em. 

cc. 


CSX 

io-« 

S 

••C36 

io-» 

D3 

C32 

10-' 

S 

C39 

10-J 

S 

•C39 

10-* 

D 1 

*C44 

io-« 

D2 

C40 

10-* 

D2 

C47 

10-6 

D 1 

E28 

10“* 

S 

E37 

10-8 

S 

E29 


S 

E41 

10-7 

S 

••E35 

io-« 

D4 

E42 

1 io-« 

S 

E35 

10-5 

S 

E46 

1 10-6 

S 


Each group of C and E rats is a litter. Each E rat received the equivalent of 10 cc« 
growth on each of 3 successive days. Test was done 2 days after last feeding, 

* Pneumococcus in heart blood. 

** Contaminant in heart blood. Both of these rats were ill before the injection. 


TABLE XVm 


Resistance to Pneumococcus Type II, Following Ingestion of Berkefeld Filtrate of 
Sodium Glycocholate-Dissolved Organisms 


Weight 

Dose 

Result 

Weight 

Dose 

Result 

Weight 

Dose 

Result 

Em. 

cc. 


Em. 

cc. 


gm. 

cc. 


C37 

10-8 

S 

C33 

10-8 

s 

C41 

10-8 

S 

C40 

10-7 

D 1 

C34 

10-7 

D 2 

C43 

10-7 

D 2 

C44 

io-« 

D 1 

C43 

10-8 

S 

CSS 

io-« 

D 3 

C44 

10-6 

D2 

C43 

10-5 

D 1 

C57 

10-5 

S 

E39 

10-8 

S 

E33 

10-8 

S 

E31 

10-8 

S 

E42 1 

10-7 1 

S 

E34 

10-7 

D2 

E42 

10-7 

S 

E45 

10-8 

S 

E3S 

10-8 

S 

E49 

10-8 

S 

E46 

10-s 

S 

E37 

10-5 

S 

ES4 

10-6 

S 


Each group of C and E rats is a litter. Each E rat received the equivalent of 10 cc. 
growth on each of 2 successive days. Test was done 2 days after the 2nd feeding. 


Experiment 8, Table XIX . — ^Large quantities (see table) of HCl-killed Type II 
organisms grown in glucose meat extract broth were fed to rats but it is obvious 
that little or no increased resistance to Type I resulted. 

Experiment 9, Table XX . — Each of 3 litters was divided into controls and 
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Expcrmcni 10, Table XXL — Each of 3 litters was divided into controL 
treated animals. T>'pe I organisms, grown in glucose meat extract broth, i 
with n/ 12 HCl, centrifuged and mixed with cracker meal were fed. There w 
deaths among the controls and 9 among the treated rats. 


TABLE XXI 


Resistance to Pncnmococcns Typo II, Followmg higesiion of Pnoumocoa 

Type I 


Weight 

Dose 

Result 

Weight 

Dose 

Result 

Weight 

Dose 

R( 

rm. 

C36 

cc. 

10'» 

S 

gw. 

C36 

cc. 

10“» 

D2 

gm. 

C28 

cc. 

io-» 


C38 

10-’ 

S 

C37 

10“7 

S 

C37 

10-7 


C40 


D 1 

C42 

io-< 

D 1 

C40 

io-« 

3 

C42 

10-5 

D 1 

C47 

10-5 

D 1 

C47 

10-8 

I 

E37 

io-» I 

D2 

E36 I 

10-« 

D2 

E33 

10-8 

i 

B40 

10-7 

D 2 

E39 

10-7 

S 

E35 

10-7 

I 

E46 

10“« 

D 2 

E41 

lO-* 

D3 

E39 

10-8 

i 

E50 

10-s 

D 1 

1 E46 

10-* 

D 1 

E44 

10-5 

c 

1 *" 


Each group of C and E rats in a litter. Each E rat was fed the bacteria from i 
growth on each of 3 successive days. Test was done 2 days after the last feeding. 


It is plain that no evidence for any increased resistance aga 
Type II following ingestion of Type I was obtained. 

Experiments with Type III 

Experiment 1, Table XXII . — 22 rats of approximately the same age were div 
equally into controls and treated groups. Organisms were grown in beef 1 
broth, centrifuged and mixed with cracker meal. Of the 11 controls only 3 
vived, 1 each with 10“®, 10”^ and 10 cc. Of the 11 treated rats only 1 die 
Experiment 2, Table XXIII . — 22 rats of approximately the same age 
divided equally into controls and treated animals. In order to learn whe 
desiccation of the bacteria and feeding together with other types would inte 
with the immunizing effect, Types I, II, III, IV and V were grown in glucose r 
extract broth and administered as a powder. The powder was suspende 
water and mixed with cracker meal. In spite of the irregularity in resistam 
Type III among control rats it seems clear that the treated animals, with oi 
death among the 11 injected, were immunized. The results seem to shoi 
noticeable loss of immunizing value owing to desiccation, or simultaneous fee 
with other types.^ 

^ A similar experiment in which resistance against Type I was tested showe 
loss of immunizing action. 
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Experiment 4, Table XXV . — The details are the same as for Experiment 1, 
except for the quantity of bacteria fed and the time of the test. With a single 

table XXIV 


Resistance to Pneumococcus Type Illy PoUoiving Ingestion of the Acid-Killed 
Organisms of Types /, //, III, IV and V 


Weight 

Dose 

Result 

Weight 

Bose 

Result 

gw. 

cc. 


gm. 

cc. 


C72 

10-8 

S 

E75 

10-8 

S 

C77 

10-8 

D 2 

E75 

10-8 

S 

C78 

io-» 

S 

E78 

io-» 

S 

C79 

io-» 

D2 

E79 

10-T 

S 

C79 

10-^ 

S 

E80 

10-7 

S 

C82 

10-8 

S 

E82 

10-8 

S 

CSS 

10-8 

D 2 

E81 

10-8 

S 

C84 

10-8 

D2 

E82 

10-8 

D 2 

C86 1 

10-8 

D2 

E86 

10-8 


C89 

10-8 

D2 

E89 

10-5 


CSS 

10-8 

D2 

E90 

10-8 



A desiccated powder was fed. This contained the acid-killed organisms of Types I, 
II, m, IV and V. Each E rat was fed the bacteria from 5 cc. growth of each type on each 
of 3 successive days. Test was done 3 days after last feeding. 


TABLE XXV 


Resistance to Pneumococcus Type III, Following Ingestion of the Acid-Killed 

Organism 


Weight 

Dose 

Result 

Weight 

Dose 

Result 


cc. 


gw. 

cc. 



10-8 

D 2 

E80 

10-8 

S 


10-8 

S 

ESS 

10-8 

s 


10-7 

D 2 


10-7 

s 


10-7 

D2 


10-7 

s 


10-7 

D 2 


10-7 

s 


10-8 

S 


10-8 

s 


10-8 

D 2 


10-8 

s 


10-« 

D2 

ElOO 

10-8 

D 2 


10-8 

D 2 

ElOO 

10-8 

S 


10-8 

D 2 

E103 

10-8 

D 2 


10-8 

D 2 

E102 

10-5 

S 

■■■ 



ElOl 

10-5 

s 


Each E rat received the bacteria from 5 cc. growth on each of 3 successive days. 
Test was done 3 days after last feeding. 


exception (10“® cc.) the controls died uniformly in this group. There were 2 
survivors among the 11 controls and 10 among the 12 immunized animals. 
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Expcrmait 6y Tabic XXVII,— 6 young rats were given a single feeding of the 
filtrate mixed with milk and containing 2 mg. of sodium glycocholate. The con- 
trols were fed sodium glycocholate alone in equal amounts in a similar manner. 1 
control and 3 treated rats survived, 

TABLE XXVIII 


Rcsislaticc io Pncu77iococcus Type 1 1 1, Following Ingcsti 07 i of the Berkejeld Filtrate of 
the Sodimi Glycocholaie-Dissohed Orga7iis7ns 


Weight 

Lose 

Result 

Weight 

Dose 

Result 

Weight 

Lose 

Result 

m. 

cc. 


gm. 

cc. 


gm. 

cc. 


C33 

10-* 

S 

C39 


S 

CSS 

10-* 

D2 

C33 

10“» 

s 

C41 

lo-y 

X>2 

C6l 

I0-? 

S 

C34 

io-« 

B2 

C45 

10-« 

D 2 

CTO 

io-« 

L3 

C37 


D 5 

C49 

10-« 

S 

C74 

10-5 

D 2 

C38 

io-» 

T>2 

CS3 

10-5 

D2 

CSS 

10-5 

! s 

E30 

10-> 

S 

E45 

10-» 

S 

E64 

10-*^ 

S 

E35 

lO”’ 

S 

E45 

I0-« 

! S 

E65 

' 10-? 

S 

E36 

io-« 

S 

E54 

10-5 

D 2 

E71 

10-5 

s 

E41 

lO-* 

S 

E60 

10-5 

1 S 

E79 

10-« 

s 

E36 

10-5 

1)2 

E62 

10-5 

S 

E83 

10-5 

D3 


The test was done 4 days after a single feeding, equivalent to 20 cc. growth, per rat. 


TABLE XXIX 


Resistance to Pnenrnococcus Type III, Following Ingestion of the Berkefeld Filtrate 
of the Sodium Glycocholaie-Dissohed Organis77is 


Weight 

Dose 

Result 

Weight 

Dose 

Result 

Weight 

Dose 

Result 

— 

cc. 


gm. 

cc. 


gm. 

cc. 



10-* 

D3 


10-8 

D 1 

C17 

io-» 

S 


10“’ 

D 2 

msM 

10-’ 

D 1 

C20 

10-8 

D 1 








10-’ 

D 1 


10-8 

S 

E20 

10-8 

S 

C21 

10-5 

D 1 


10-’ 

S 

E26 

10-’ 

S 



1 

E12 

10-’ 

L2 

E27 

10-« 

D 1 

E22 

10-8 

' S 





1 

1 

E23 

10-’ 

s 







E23 

10-5 

s 







E24 

10-5 

D 1 


A single feeding equivalent to 5 cc. growth was given by medicine dropper 48 hours 
previously. Each group of C and E rats is a litter. 


Experiment 7, Table XXV IIP — A group of rats were divided into 3 parts and 
each of these was subdivided into controls and treated animals of approximately 
the same range of weights. The Type III pneumococcus was grown in beef 
heart broth, centrifuged and dissolved in sodium glycocholate (0,75 mg. for 20cc.). 
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Experiment 10^ Table XXXI. — The Type III organism was grown in glucose 
meat extract broth. The centrifuged bacteria were suspended in water and 
mixed with cracker meal. 1 of 2 rats injected with 10“*® cc. and 1 of 2 injected with 
10“-® cc. survived among the treated animals, giving the impression that there 
was some protection. The experiment was repeated. 

TABLE XXXI 


Resistance to Pneumococcus Type 7, Folloiving Ingestion of Pneumococcus 

Type III 


Weight 

Bose 

Result 

Weight 

Dose 

Result 

gm. 

cc. 

mim 

■H 

cc. 



10’« 



10“» 

D3 


io-> 



10-* 

S 


10-’ 

D3 

£88 

10“» 

D 2 


io-> 

D2 

£74 


D 2 


10-* 

D3 

ElOl 

10-* 

D2 


I0-* 

D 5 

£95 

lO** 

S 


10“* 

D 2 

EIOl 

lO”* 

D 1 


Each E rat received the bacteria from 5 cc. growth, killed with n/12 HCl on each of 2 
successive days. Test was done 3 days after 2nd feeding. 


TABLE XXXH 


Resistance to Pneumococcus Type 7, Following Ingestion of Pneumococcus 

Type III 


Weight 

Bose 

Result 

Weight 

Bose 

Result 

gm. 

cc. 


gm. 

cc. 


C78 

io-» 

S 

£79 

io-» 

D 2 

•C78 

io-« 

D 5 

£65 

10-5 

D2 

C81 

io-« 

D 2 

£83 

io-» 

D 2 

C88 

10-* 

D2 

£80 

1 10-7 

, D 2 

C97 

10-’ 

S 

£91 

10-5 

' D 2 

C90 

lo-y 

D2 

£90 

! 10-1 

D2 

C98 

lO-* 

B2 

£93 

1 10-5 

D2 

C104 

10-i 

D 2 

£98 

10-8 

D 2 


Details same as in Table XXXI. 
* Pneumococcus in heart blood. 


Experiment 11, Table XXXII. — ^The details are the same as in Experiment 10 
except that there were 3 feedings and the test took place 2 days after the last 
of these. All 8 treated rats succumbed. Among the controk, 1 of 2 animak 
injected with 10 cc. survived. It can be seen therefore that very little if any 
immunity against Type I resulted from the ingestion of Type III organkms. 

Experiment 12, Table XXXIII. — Each of 3 litters was divided into controk and 
experimental rats. The Type I pneumococcus was grown in glucose meat extract 
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DISCUSSION 

The marked difference in resistance among rats to both Types 11 
and in pneumococci is apparently the reflection of a natural partial 
immunity. This partial immunity which appears at a considerably 
earlier age in some animals than in others, and which is quantitively 
greater for Type II than Type III, contrasts markedly with the equal 
and great susceptibility of young and old rats to Type I pneumococcus. 
No experimental data are available which explain the appearance of 
this partial immunity toward these types in the rat. It is possible 
that the rat harbors these types of pneumococcus normally in the 
same way that many human beings do. It is also conceivable that 
among its intestinal flora are some microorganisms sufficiently closely 
related antigenically to Types II and III pneumococci to give pro- 
tection against them. This necessarily assumes that such organisms 
are antigenically more closely related to these types of pneinnococci 
than the latter are to Type I, and that they also can immunize by their 
presence in the intestine. 

Avery, Heidelberger and Goebel (4) have found a close immunolog- 
ical relationship between Type II pneumococcus and a certain strain 
(E) of Friedlander^s bacillus extending to reciprocal protection of the 
antisera, and which is probably based on the marked resemblance, 
both chemical and immimological, which they demonstrated existed 
between the purified specific substances of these organisms.^ Sugg and 
Neill (5) have demonstrated a similar close resemblance between a 
variety of Saccharoviyces cerevisiae and Type II pneumococcus as de- 
termined by immune serum reactions, and which they thought was 
based on an S-anti-S relationship. Sugg, Richardson and Neill (6) 
have actively immunized mice against Type II pneumococcus by 
vaccination with this yeast. It would seem from these observations 
that a partial natural immunity to some types of pneumococci by 
fortuitous infection with a biologically distantly related microorgan- 
ism is possible. 

It is now evident that the successful immunization of rats against 

^ The part which the polysaccharide of the pneumococcus plays in oral im- 
munization is discussed in the next paper, as well as in the papers entitled “The 
role of the soluble specific substance in oral immunization against Pneumococ- 
cus Types II and III,” and “The fate of orally administered soluble specific sub- 
stance of Pneumococcus Types I, II and III.” 
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the features which characterize the protection so obtained. These are 
(1) a single feeding of the bacteria contained in S cc. growth is suffi- 
cient; (2) the increased resistance appears within 48 hours; (3) in 
extent it is equivalent to 1000 to 10,000 fatal doses;^ (4) it lasts for 
about 2 weeks at which time a new feeding causes it to reappear. This 
can be repeated as often as one wishes. The duration of 2 weeks 
refers to the experiments in wdiich 1 or more feedings of the bacteria 
from 5 cc. growth are given. By increasing the size of each dose the 
immunity can be made to last for longer periods of time.^ 

Number of Feedings Required. Degree and Time of Appearance of Immunity . — 
In the first experiment each animal received 0.5 mg. (Lot 1) on each of 3 days. 
The material was dissolved in n/15 HCl. The solution was mixed with cracker 
meal and each rat was fed individually. All tests for measuring the resistance to 
pneumococcus in this and subsequent experiments were done by injecting the 
required dose intraperitoneally in a volume of 0.2 cc. It will be seen from Part 1 
ol Table I that the rats which were fed the specific polysaccharide possess an 
increased resistance to the virulent organism. Among the controls, 10“ ® and 10”^ 
cc. killed, in each case, 2 out of 3 rats. Among the treated rats, 2 injected with 
10 cc., 2 with 10“^ cc. and 1 with 10“^ cc. survived. The one injected with 
10“® cc. died. 

In the next experiment the number of feedings (Lot 1) was reduced to 2. The 
procedure was the same as described above, except that a slight insoluble residue 
was separated from the solution by centrifugation (Part 2, Table I). Although 
the response is not quite vmifonn, some rats are protected against 1000 fatal doses. 
1 of 2 survived 1 fatal dose, 1 of 2 lived after receiving 10 fatal doses, 2 of 3 sur- 
vived 100 and 1000 fatal doses, respectively. 

The number of feedings was then further reduced to 1 (Lot 1), keeping the con- 
ditions the same as they were in the preceding experiment. The result is shown in 
Part 3 of Table I. Although the extent of resistance to the pneumococcus reaches 
1000 fatal doses in some instances, a smaller proportion of animals was protected 
than when 2 or 3 doses were administered. 

In Part 1 of Table II are given the results of an experiment in which the Type 
I specific substance of Lot 2 was fed. Two solutions were prepared, one in which 
the material was dissolved in n/15 HCl; in the other the solvent was a phosphate 
solution of pH 7.7. The slight insoluble residue in both was removed. The HCl 
solution was fed to one lot of rats and the phosphate solution to another, with the 
object of learning whether the solvent exerted any influence. There were 2 
feedings. The results indicate that the two solvents gave about the same general 

^ Less in the case of Types II and III. 

* See, for example, Tables IV and V in Reference 1. 
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larger doses than the experimental rats J The remaining animals of the original 
group were now fed 1 additional dose of 0.5 mg. of specific substance (Lot 2) and 
were tested 3 days later, with the result shown in the third column of this table. 
It is evident that the protection is renewed. More uniform results were obtained 
than after the first feedings. 

The experiment was repeated, using Lot 1 of the soluble specific substance. The 
data appear in Table V. The immunity which followed the ingestion of 2 doses of 
polysaccharide appeared in 48 hours and was as regular and as high as that which 
follows the ingestion of the intact acid-killed pneumococcus or the bile salt- 


TABLE V 

Durafio): and Renewal of Iinmnniiy Produced hy Feeding Soluble Specific Substance 


Dose 

48 hrs. after 2nd of 2 feedings 

10 days after 2nd of 2 feedings' 

i 

72 hrs. after a new feeding 


1 


E* 

QC 


cc. 







io-» 

3*. 2 


S.2* 

S.S 

S.S 


io-» 

S.2 

S.S 

2.2 

S.2 

2*. 3 

21 


2.2 

S.S.S 

2.2 

S.S. 2 

3.3 

25. S» 

30~* 

2.1 

S.S.4 I 

2.2 

2.2 

3.2 

S<.3«.S* 

io-» 

2. : 

S.S.S : 

2 

2.2 

1 

3 

25.SL21 


The E® and E** rats were fed 0.5 mg. S.S.S. (Lot 1) on each of 2 successive days. The 
S.S.S. was dissolved in n/15 HCl, centrifuged and the supernatant fluid was mixed with 
cracker meal. The E*" rats received the same 2 feedings and in addition 0.5 mg. S.S.S. 
similarly prepared, 19 days after the 2nd feeding. C® and were fed n/15 HCl alone in 
cracker meal. 

The exponents in the E® column identify the rats in Table II, Experiment 1, in the 
paper “Fate of orally administered soluble specific substance of Pneumococcus T3T)es I, II 
and HI” in the following number. 

* Pneumococcus in heart blood. 

dissolved cell. 10 days after the 2nd dose some additional rats were tested. A 
smaller percentage of animals was protected and the general appearance of the 
results is like that which is found after a similar interval of time when 2 doses of the 
dead bacteria are fed. The remaining untested animals were fed 0.5 mg. each of 
the polysaccharide and were injected with the pneumococcus 72 hours later. The 
original immunity reappears but, as in most of the other experiments with the 
soluble specific substance, a single feeding seems to be insufl5cient to give the 
regularity of protection that a single ingestion of the organisms yields. 

The immunity created by the oral administration of the specific 
substance to white rats is thus seen to bear a marked resemblance to 

’ The C and E rats came from different sources. However, this has rarely be 
found to be correlated with a difference in the minimum fatal dose. ^ 
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doses, respectively. This, however, takes no account of the mice in the last column 
of the table where treated animals succumbed to doses of lO"® and 10“^ cc., where- 
as 1 control injected with 10"® cc. lived, and 1 of 2 injected with 10“^ cc. also sur- 


TABLE VI 


Resistance of Mice to Pneumococcus Following Feeding of Acid-Killed Organisms 



C — control. E = treated mouse. S = survived. Number = died, — days. 

The figures at the head of the E columns give the number of feedings, followed by the 
interval in days between the last feeding and the day of the test. Growth was killed by 
2 hours contact with n/ 15 HCl at room temperature. Mice weighed between 11 and 25 
gm. at the beginning of the experiment. 


TABLE Vn 

Resistance of Mice to Pneumococcus Following Feeding of Acid- and Heat-Killed 

Organisms 



E^ and E® mice fed heat-killed and acid-killed organisms respectively. The figure 
above E* and E® equals the interval in days between the last of 16 feedings (over a period 
of 25 days) and the day of test. For killing by acid, 2 hours contact with n/ 15 HCl was 
used. For killing by heat, concentrated suspensions of pneumococci were heated 2 hours 
at 80®C. Mice weighed 20 gm. or more at beginning of experiment. 

vived. Also in the tests done 3 and 11 days after feeding, the controls survived 
10~® cc. while the rats fed the acid-killed bacteria succumbed. 

Because the vaccine employed had been stored (and used as needed) it seemed 
that the indecisive results might be owing to a destruction of the antigen. Hence 
the test was repeated and the bacteria were growm daily. Three forms of pneumo- 
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of the organisms cultured in milk, to 20 cc. for the dissolved cells. A summary of 
Table X shows that of 31 control mice, 2 survived; of 15 mice fed the dissolved 
pneumococci, 6 survived, and of 26 fed the cultured milk, 6 lived. 

An additional experiment (Table XI) was done with bile salt-dissolved cells, 
keeping one lot of mice on an exclusive milk, and another on an exclusive meat diet. 
Of the 14 mice on the milk diet, 1 survived a single fatal dose, 2 survived 10, and 1 
lived after 100 fatal doses. None among the meat-fed animals lived. 

The ingestion of the desiccated mechanically disrupted pneumococci protected 
only 2 mice against 1 fatal dose, out of a total of 26 animals (Table XII). 

The irregularity of these results with mice, combined with the 
relatively low percentage of animals protected, indicated in advance 
that feeding the specific substance would probably yield at best an 
even smaller proportion of immunized animals. 


TABLE xin 

Resistance of Mice to Pneumococcus Following Feeding of Soluble Specific Suhsia^ice 


Dose 

Controls 

0.20 mg. S.S.S. per 
mouse on each ot 

2 days 

0.01 mg. S.S.S, per 
mouse on each of 

2 days 

0.001 mg. S.S.S. per 
mouse on each of 

2 days 

cc. 

10“^ 

S.S.S. 2 

S.S.S.2 

S.S.2.2. 

S.S.S.2 

10"* 

S.2.2.3 

2. 2. 2. 2 

S.S.2.2. 

2. 2. 2. 2 

lO-’ 

2. 2. 2. 2 

2. 2. 2. 2 

2.2.2 

2.2.2 

10"< 

2.2.2 

2,2.2 1 

2.2.2 

2.2.2 


The S.S.S, (Lot 2) was dissolved in HCl, mixed with cracker meal and fed on 2 succes- 
sive days. Test was done 48 hours after 2nd feeding. 


Feeding the Soluble Specific Substance to Mice . — Three experiments were done. 
In the first, the mice were divided into three groups. Each of the members of one 
of these received 0.20 mg. (Lot 2) on each of 2 successive days. Those in the 
second group were fed 0.01 mg. and those in the third, 0.001 mg. each, on each of 2 
successive days. Table XIII gives the results. There is no evidence for any 
immunity under the conditions employed. 

Another experiment was done in order to see whether better results might follow 
the use of intervals between the feedings. The data obtained contain no evidence 
of any immunity (Table XIV) . 

^ It was then decided to use a more prolonged period of feeding. The mice were 
given 12 doses, each equal to 0.10 mg. per animal. Out of a total of 17 mice so 
treated, and injected with 1 or more fatal doses, 2 survived; 1 of these had received 
1, and the other 10 fatal doses of pneumococci (Table XV). 
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for an intact cell is obviously ruled out. Insufficient dosage does not 
seem to be the cause since 1.2 mg. was fed to each mouse in the final 
feeding experiment, and this amount is probably greater than is con- 
tained in the bacteria fed to those mice which were immunized by this 
means.^*^ 

Injection of (he Soluble Specific Suhstancc.—ln order to see whether the soluble 
specific substance would produce an immunity in mice when given parenterally, 
several experiments were done in which the animals were injected either subcu- 


TABLE XVI 

Rcsisiancc of Mice to Pneumococcus Followwg Subcutcncous or IiilropcritoHeal 


Injection of Soluble Specific Substance 



Part 1 

Part 2 

Dose 


Subcutaneous injection 


Intraperitoncal 

injection 


C 

0.1 mg. per 
mouse 

0,01 mg. per 
mouse 

C 

0.1 mg. per 
mouse on each 
of 3 successive 
days 

cc. 






I0'» ! 

S.2 

S.S-3 

S.2. 2 

S.S.3* 

S. S.S.S 

io-» 

2. 

2.4.2 

2.2.2 

2.2,3 ! 

2. 2. 3. 2 


2.2 

2.2.2 

2.2.2 

2.2 

S.2. 2.3 

10-* 

2 

2.2.2 

2.2.2 

2.2 

S.2. 2. 2 

10-* 


2.2.2 

2.2.2 


2 

10~* 


2,2.2 

2.2.2 



io-» 


2.2.2 

2.2.2 




S.S.S. (Lot 2) dissolved in phosphate solution pH 7.73 and filtered through a Berkefeld 
V candle. 0.20 cc. injected for the 0.1 mg. doses. For mice getting 0.01 mg., the solution 
was diluted ten times with phosphate solution. Test was done 72 hours after the final 
injection of S.S.S. The 2 experiments were done at different times. 

* Contaminant in heart blood. 


taneously or intraperitoneally. The results are given in Tables XVI and XVII. 
In Table XVI, Part 1 , the data of an experiment in which mice were subcutaneously 
injected with a single dose of the polysaccharide, appear (Lot 2). Each animal 
received either 0.01 or 0.10 mg. and 3 days later was tested. There is no sign of 
immumty among the treated animals. 

A similar test in which the polysaccharide (Lot 2) was injected intraperitoneally, 
is summarized in Part 2 of Table XVI. Each mouse received 3 equal doses. 

Judging by the yield of 2.75 mg, of S.S.S. recovered from the growth from 1 1* 
of Type n culture obtained by Heidelberger and Avery (6). 
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not have completely dissolved in the smaller volume of water. A new solution of 
pneumococci, prepared at this time in the same manner as the original, was there- 
fore tested. In Table XVIII appear the data for this new preparation and for the 
tests done at the end of 2J, 3-1, and 12 months on the original preparation. In 
all instances a volume equivalent to 5 cc. growth was fed, and in some a volume 
equivalent to 1 cc. as well. These quantities were used because it has been found 
that the minimum dose for approximately maximum degree of protection lies be- 
tween them. 

It will be seen that the freshly prepared solution gave a uniform 
protection, though in degree, it was less than was obtained when 0.5 cc. 
water was used to dissolve the bile salt-opened cells from 5 cc. growth, 
being equivalent to between 100 and 1000 fatal doses.^^ At the end 
of 2^ and 3| months there is no definite loss of activity in the original 
solution as compared with these results. However, after 4| months 
there is a decline which becomes more pronounced at the end of a year. 
The results at the expiration of the latter period are in marked con- 
trast to those obtained with a freshly prepared solution. 

Since hydrolysis of the polysaccharide would account for the loss 
in antigenic activity on standing, an attempt was made to learn 
whether this took place. 

A comparison of the intensities of the precipitin reactions in the solutions 
referred to above, after they had stood in the laboratory exposed to light for 2 years, 
and in a freshly prepared solution, was made. The new solution was made in as 
nearly an identical manner with the original as possible and was found to give pre- 
cipitates so nearly like those given by the original preparations that little or no 
significant difference could be observed.^® It must be realized, however, that there 
is a considerable error involved in such a determination, particularly in view of the 
fact that the number of organisms may have been unequal in the 2 cultures com- 
pared. It may be that hydrolysis to the extent of 50 per cent of the original quan- 
tity of the specific polysaccharide took place, without being detected. At this time 
the original solution to which CHCI3 had been added was again tested, together 
with a part of the solution to which nothing was done. The equivalent of 10 cc. 
instead of 5 cc. growth, however, was fed, and it was found that the rats were 
approximately as well protected as they were by feeding the smaller quantity of the 

See Tables X, XI and XIII, in Reference 1 . 

Comparisons were made between solutions (1) to which nothing was done 
(2) to which chloroform was added, (3) heated at 60°C. for 1 hour, (4) heated at 
for 10 minutes. 1 : 10 and 1 : 100 dilutions of the Berkefeld filtrates to which 
ten volumes of water had previously been added, were used. 
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rats, the previously mentioned alternative regarding a change in the intramolecular 
structure of this substance as an explanation for the loss of activity which the solu- 
tion suffered on standing, seems more significant. 

From a practical point of view the use of solutions of pneumococci 
for oral immunization would appear to be, for the present, limited to 
relatively freshly made solutions. In distinction to this it has been 
found that the procedure used in most of the experiments for killing, 
namely contact with hydrochloric add, does not appear to cause any 
loss in activity^ ^ and that desiccation, a convenient means of keeping 
the vaccine, is also without effect. These experiments are reported 
here because the results are what one would expect in view of the 
demonstration of the important role of the specific polysaccharide, 
and because they supplement the other indirect evidence which points 
to the fact that this substance is active when rats are immunized by 
feeding the whole or the dissolved cell. These data show that the de- 
gree of protection and the percentage of animals immunised, closely 
resemble those obtained when freshly centrifuged living pneumococci 
are fed, and that therefore little or no loss is sustained by the process 
of killing and diying. 

Although previous data had demonstrated that contact for 2§ 
to 3 hours at room temperature with n/ 12 HCl, as well as desiccation, 
left the bacteria in a condition capable of immunizing rats, the tests 
involved the use of such large quantities of organisms that partial 
destruction of the active material could not readily be observed. In 
the experiments described below, a single feeding of the bacteria from 
5 cc, was employed (in one case 1 cc. as well), since, as mentioned 
above, this is the smallest quantity which has been found to give 
uniform immunity equivalent to 1000 to 10,000 fatal doses of pneu- 
mococci, 48 to 72 hours after feeding. 

Influence of Contact with n/12 HCl Solution and Desiccation . — ^The pneumococcus ' 
was grown in glucose meat extract broth, pH 7.6 to 7.8. After the culture had 
reached room temperature, normal HCl solution was added to make n/12 and the 
whole left for 2^ hours. After centrifugation, a portion of the bacterial sediment 
was put in the ice box for use 2 days later. The remainder was spread in a thin 
layer, dried over CaCh in an evacuated desiccator and ground up in a mortar. 

At least, with respect to degree and time of appearance of the immunity, as 
well as to the percentage of animals protected. ^ 
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(dead) or dissolved bacteria are fed, as follows: (a) one feeding is 
sufficient, (6) the interval between the feeding and the appearance of 
the immunity is the same, (c) the duration is approximately the same, 
(d) when the immunity is exhausted it can be renewed by a new feed- 
ing, (e) the immunizing action is type-specific.^° 

3. The diflferences between the effects of feeding the purified specific 
substance and the intact or dissolved organism to rats, appear to be 
quantitative rather than qualitative, the proportion of animals pro- 
tected and the height of the immunity being generally, though not 
always, less in the case of the former. 

4. In contrast to the immunizing action which the soluble specific 
substance possesses when administered to rats, feeding it to mice failed 
to protect them. Neither were mice definitely immunized by paren- 
teral administration. 

5. A sodium glycocholate solution of Pneumococcus Type I lost 
part of its immunizing activity on standing for 1 year. 

6. The failure to immunize mice and the loss of activity of the bile 
salt solution of pneumococcus, on standing, are discussed in terms of 
(a) the possible presence of a second cell constituent which is active by 
mouth, and (6) a possible intramolecular change in the t 3 q)e-specific 
polysaccharide associated with a loss of immunizing action while re- 
taining the precipitin reaction. 
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